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Annual Report of the Council 


URING the past year Society activities were on a sub- 
D stantially better basis than in 1933-1934. Rigorous 
economy has been observed and it is believed real progress 
has been made. For the first time in three years the Society 
income at the end of the first six-months’ period was greater than 
estimated and it was possible to make some increase in appropria- 
tions at that time. The financial report for the year will show a 
modest addition to surplus and a reduction in the debt. 


INFORMATION ABouT MEMBERS 


The improved financial status of the Society enabled the 
Council and its Executive Committee to give more thought to 
the interests of the individual members. As a first step, a pro- 
fessional-data form was circulated during the spring, on which 
members were asked to record their experience and special quali- 
fications. The analysis of these forms is about 60 per cent com- 
plete at the close of the fiscal year. Approximately 7000 
members returned data and the information will be valuable 
in formulating programs for publications and activities to meet 
the general interests of the members. We have up-to-date 
records of 7000 members that will enable us to give aid to those 
employers seeking men with unusual experience and qualifications. 
We also have an accurate record of 860 consulting engineers, 
showing their detailed specialties, from which to answer inquiries 
for men qualified to handle specific problems. About 750 
members have volunteered for service on committees. 


IMPROVING THE PROFESSION 


The enhancement of the status of the engineer is the stated 
purpose of the Engineer’s Council for Professional Development 
in which the A.S.M.E. is participating. The Engineers’ Council 
has made splendid progress in its program of accrediting engineer- 
ing schools and, as the fiscal year draws to a close, plans are under 
way to examine some twenty schools in the New England and 
Middle Atlantic areas. These two areas were chosen for the 
first trial of accrediting and the development of the scheme will 
depend upon its success in this experimental area. The Engi- 
neers’ Council has also promulgated two programs in which the 
Society is called upon to participate actively through its sections. 

(1) The guidance of young men planning to enter engineering 
as a career. 

(2) Stimulation of a self-development program for young men 
who have been graduated from engineering schools and are 

preparing themselves to become full-fledged engineers and for 
‘those young men who have not had the advantage of a formal 
education. 

Plans for both of these programs have been prepared and 
communicated to the Sections. The successful execution of these 
plans provides a direct problem for each Section. 


REGISTRATION 


During the past year the Council has given a great deal of 
consideration to the movement looking to the establishment of 
registration laws for engineers throughout the United States. 
As the year closes, thirty-five states have such laws. 

In June the Council adopted an important policy in this matter 
as follows: 

(1) The A.S.M.E. will present the broad aspects of registra- 
tion to its members in those states not having registration and 
stimulate its consideration by them. 

(2) The A.S.M.E. will not publicly urge registration in those 
states where the movement has not taken definite shape. 


(3) In those states where a registration movement has been 
initiated which has the support of representative members, the 
A.S.M.E., through its members in those states, will offer to sup- 
port the movement by helping to organize it further, by assisting 
to formulate a proper legislative bill, by soliciting the support of 
other engineering societies and outstanding members, by advising 
appropriate strategy, and by other suitable and proper means. 

(4) In those states where registration laws have been en- 
acted, the A.S.M.E., through its members, will encourage (a) 
amendment of the registration laws for the purpose of improving 
and making them more uniform, and (b) stricter enforcement of 
those laws. 

At the close of the year Council was giving consideration tu 
the steps necessary to carry out this policy. 


AMERICAN ENGINEERING CoUNCIL 


The American Engineering Council has completed a good 
year. Its report appears in detail on another page and is well 
worth painstaking study. The American Engineering Council 
has made substantial progress in relating itself to government 
agencies on engineering matters and has initiated a series of con- 
tacts looking to the placement of engineers in government ser- 
vices. It has been instrumental in initiating a special census of 
engineers, with particular reference to educational background, 
occupation, income, and present status of employment. Over 
50,000 records of individuals are in the hands of the Bureau of 
Labor Statistics of the U. 8S. Department of Labor and it is ex- 
pected that the report will be available about the end of the 
calendar year. 


Junior ACTIVITY 


One of the important problems pressing for early solution is the 
assimilation into the Society activities of the large number of 
graduates of engineering schools. The program of post-graduate 
training planned by the E.C.P.D. previously mentioned offers an 
excellent opportunity for the Society to take an important posi- 
tion of leadership. During the past year a special committee on 
junior participation was appointed, which has made some valu- 
able suggestions for junior activity. Many sections have adopted 
active programs for junior participation, but there is still a great 
opportunity for future developments in this program. 


CHANGES IN MEMBERSHIP GRADES 


An important change in the membership structure was initi- 
ated during the year. As a result of discussions in the E.C.P.D. 
and in the Committee on Policies and Budget, a revised plan 
of membership grades was advanced and, after acceptance by the 
members in meeting at Cincinnati in June, 1935, was submitted 
to letter ballot. The plan abolishes the present Associate- 
Member grade, makes some changes in the requirements for a 
new grade of Member, and adds the Student Member, and the 
Fellow, the latter being the engineer of distinction. 


GENERAL ACTIVITIES 


The meetings of the Society during 1934-1935 were generally 
satisfactory. The plan of having annually a Calvin W. Rice 
Memorial Lecture was initiated at the Cincinnati meeting by 
Dr. Adolph Meyer, of Zurich, Switzerland. 

The increase in income from advertising enabled the Council to 
provide more money for publications during the latter part of 
the fiscal year. The Journal of Applied Mechanics was issued 
with some assistance in financing from universities, companies, 
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CHANGES IN MEMBERSHIP, OCTOBER 1, 1934, TO SEPTEMBER 
30, 1935 
-—— Membership——. 
Oct. 1, Oct. 1, Net 
1935 1934 Changes 
Honorary Members..... 16 17 —1 
Life Members.......... 67 67 0 
Members. nici das as sas 6575 6548 —173 
ABBOCLALOS. cone G onus atstotale 268 29 —25 
Associate-Members 2604 2658 —54 
Juniors (10) 1448 1497 —49 
Juniors! (20)2 stot ccs. 3239 3147 +92 
14,017 14,227 —210 


and individuals. The publication problem is, however, a major 
one and at the close of the fiscal year is being given intensive 
study by the Publication Committee, the Professional Divisions, 
the Advisory Board on Technology, and the Council. 

With appropriations less than customary two years ago, 
the operation of Sections was carried on with reasonable satis- 
faction. Three hundred and one meetings were reported. A 
scale of measurement of Section operation has been developed 
and put into use. By this it is hoped that the work of a Section 
during any period can be more accurately evaluated. Also it 
aids the Section officers to gage the results of their administra- 
tion. 

In addition to cooperating in the preparation of programs 
for sessions at annual and semi-annual meetings, the Profes- 
sional Divisions held five successful national meetings during the 
year. 

This year marked the completion of the installation of the new 
plan of student branch operation. The number of members in 
student branches reached a total of 3250. Ten student meetings 
were held with splendid success. 

The Committee on Awards has completed a new scheme for 
administering the honors and awards for the Society, by which a 
Board of Honor and a Medal Committee will be established. 
Revisions of the By Laws are under consideration by the Council 
at the close of this fiscal year. 

The technical committee work of the Society was carried on 
with unexpected activity in view of the condition of the times. 
Nineteen of the twenty-four research committees showed sub- 
stantial progress. Ten standards were completed and _pre- 
sented to the American Standards Association for approval. 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


One new Power Test Code and one revised code were published 
and two new sections and one revised section of one of the codes 
were completed and approved by the Council. 

During the year progress was made in improving contact be- 
tween the members of the Council and the members of the Society 
at large. In addition, the President and Secretary visited 48 
Sections and 34 Student Branches. 

The financial report indicates that the Society has operated 
well within its income, and has reduced its indebtedness ma- 
terially. 


Apvisory Boarps 


This year saw the initiation of three advisory boards, formed to 
coordinate the functioning of certain related committees: The 
Advisory Board on Technology is concerned with meetings, divi- 
sions, research, and publications; the Advisory Board on Stand- 
ards and Codes is concerned with the boiler code, standardiza- 
tion, power test codes, and safety; the Advisory Board on 
Professional Status is concerned with membership, registration, 
and the E.C.P.D. These boards made up of representatives 
of committees with a chairman designated from the Council 
and set up on an experimental basis for two years, have started 
to function and have made substantial progress. 


Reports OF COMMITTEES 


The complete reports of the standing and special committees 
follow. They are worthy of painstaking study. 


Tue PARKER CasE 


Shortly before the opening of the fiscal year, Mr. John C. 
Parker brought action in the Supreme Court looking to an in- 
vestigation of Society activities, particularly in connection with 
the Engineering Index and the Boiler Code. The investigation 
was started in April and continued intermittently through the 
rest of the year. It is expected that the report of the investiga- 
tion will be completed before the Annual Meeting. Upon its 
completion, the Council will render a complete report to the 
membership. 

C. E. Davins, Secretary 


SOCIETY RECORDS 


Reports of Standing and Special Committees 


FINANCE 


For the second consecutive year since the effects of the depression 
in the fall of 1931 began to be reflected in its financial affairs, the 
Society has lived within its income. 


(A) Yearly Operating Results based upon inclusion of initiation fees: 


1931-32 1932-33 1933-34 1934-35 
\ Total Income..... $576,590.14 $409,729.73 $395,642.53 $383,830.05 
’ Total Expense and 
Charges........ 644,588.52 441,281.86 354,936.56 362,905.06 
NetIncome or Defi- 
cit for the Year. $ 67,998.38 $ 31,552.13 $ 40,705.97 $20,924.99 
(deficit) (deficit) (met income) (net income) 


(B) Yearly Operating Results based upon exclusion of initiation fees: 


- 1931-32 1932-33 1933-34 1934-35 
Total Income..... $560,301.81 $396,934.29 $380,287.93 $368,029.82 
Total Expense and 
| Charges........ 


644,588.52 441,281.86 354,936.56 $362,905.06 


Net Income orDefi- 
) cit for the Year. $ 84,286.71 $ 44,347.57 $ 25,351.37 $ 5,124.76 
(deficit) (deficit) (net income) (net income) 


The Finance Committee considers this accomplishment an en- 

, couraging indication that the financial condition of the Society is 
‘improving. The actual total income during the past year is 6 per 
cent greater than the budgeted estimate. The situation with respect 
to dues is considerably better than it was a year ago. For the past 
two years there has been a slow, but steady increase in the revenue 
received from advertising and sale of publications. The earnings 
from investments have continued to hold at an average of approxi- 
mately 4 per cent. The financial position of the Society, as reflected 
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following this report, Exhibits A, B, and C and Schedules 1 and 3 
were prepared from the auditor’s report, whereas, the statements 
Schedules 2, 4, 5, and 6 were prepared from the Society’s records. 
The statements from the two sources are in entire agreement. 


Financia MANAGEMENT 


Evidence of the efforts made by the Council to improve the financial 
position of the Society is apparent from the following: (a) insistence 
upon strict adherence to the budget, (b) write-offs of uncertain assets, 
(c) wipe-off of deferred charges, (d) facing the facts about present 
market values of securities, (e) reduction of the bank debt, (f) ad- 
vantageous disposal of marketable securities, (g) constant attention 
to the Society’s investments, (h) unremitting study of trust-fund 
and other fund requirements, and (2) judicious formulation of future 
policies. 


Bupecet ADHERENCE 


Some of the major budget policies formulated by Council in June, 
1934, which have been strictly adhered to are: (a) the amount avail- 
able for budget appropriations for Society expenses not to exceed 
95 per cent of the estimated gross income, (b) an amount equal to the 
income received from initiation fees to be appropriated from surplus 
for the reduction of the bank debt, (c) efforts to be made to reduce 
the bank debt by the advantageous sale of securities as opportunity 
arose, (d) no new activity to be undertaken unless definitely known 
that the funds required would be available without decreasing appro- 
priations or existing essential activities. 


Recent WRiITE-OFrrs 


Upon recommendation of the Finance Committee, after careful 
consideration, Council has approved many drastic write-offs of un- 
certain assets and deferred charges during the past four years, in 
order to present more accurately the Society’s condition. An 
examination of the surplus statements and balance sheets for Septem- 
ber 30, 1932, 1933, 1934, and 1935 shows the following major write- 
offs or creation of reserves: 


by its balance sheet, is increasingly liquid. Questionable assets 1932, Dues...................0eee0eee $ 55,000.00 
have been written down to amounts believed to be conservative; Deferred deficits of Engineering In- 
the current liabilities have been reduced. If these improvements dex from Oct. 1, 1927, to Sept. 30, 
may be considered as indicative, it would seem that a critical period PROBS hee en en VaR Se 81,740.99 $136,740.99 
in the history of the Society has been successfully passed. 
1933 = Desi pee eer eet etiace eRe reer h a: basis $164,317.89 
STATEMENTS Advertising account.............. 20,384.69 
In accordance with the practice of recent years, this annual report Obsolete and inactive items in in- 
of the Finance Committee, for the fiscal year ended September 30, Oe) 78,660.48 $263,363.06 
1935, includes detailed comparative statements of the Society’s 
' operations for the past two fiscal years. A brief explanation of the 1934, Dues... De OS OOO ip Due COO D0 Qos o $120,448.65 
_ statements may assist the membership and committees in a clearer Revaluation of Engineering Index 
understanding of what the Finance Committee has set forth. inventory and transfer of receiv- 
The summary of expanses given in the income and expense state- ables to Engineering Index, Inc. 34,217.78 
ment in Exhibit A is supported by detailed statements, viz.: direct Deferred charge for fiftieth anni- 
appropriations to Standing Committees of Council in Schedule 1; VDSS CEOS OOO DDO Od te 24,399.66 , 
printing and distribution expenses of publications in Schedule 2; Adjustment in publication inventory 10,098.19 $189,164.28 
and the itemized expenses of operating the office of the Society in 1988. Dues 


Schedule 3. Additional schedules are included for those members 
who prefer to have the expenses shown differently, as follows: the 
departmental expenses of the office are shown in Schedule 4, with 
\the explanation of the activities carried on by each department; 
in Schedule 5 is given the total cost of the many activities of the 
Society, obtained by adding to the direct appropriation for each 
activity its proportionate share of the office expense; finally, the total 
cost of Society activities is summarized into major groups of services 
in Schedule 6. The accompanying chart of income and expenditures 
per member is based upon the total income, including initiation fees, 
as given in the first column of Exhibit A and upon total expenses and 
charges as given in the first column of Schedule 6. 

The amount collected from initiation fees was not used for operating 
expenses, but was put directly into surplus as shown in Exhibit A. 
The net income for the year shown at the bottom of Exhibit A was, 

j likewise, added to surplus. It represents the difference between all 
income, except that from initiation fees, and total expenses and 
charges. These additions to surplus, together with other entries 
directly affecting surplus, are shown in Exhibit B. The balance in 
the surplus account on September 30, 1935, is the difference between 
the total assets and the total liabilities of the Society on that date 
and is so shown in the balance sheet, Exhibit C, before providing for 
decline from the purchase price to the present quoted market value 
of the Society’s investments, exclusive of trust-fund investments. 

The annual audit of the Society’s accounts for the fiscal year ended 
September 30, 1935, has again been made by Messrs. Haskins 
& Sells, Certified Public Accountants. As explained in the notation 


$ 10,000.00 


Dues SITUATION 


After a three-year adherence to a lenient dues-payment policy, 
the Council deemed it necessary in 1934 to begin clarifying the 
membership status by dropping or suspending, on September 30, 
1934, those members who on that date owed dues for two full years 
or more. Further analysis of the dues accounts in 1935 resulted in 
the dropping of additional members on June 18, 1935. Although 
the actual write-offs of the unpaid dues of these members did not 
take place until the current fiscal year, provision therefore was 
made out of income in the years shown below: 


Year ended September 30, 1932....... $ 55,000.00 
Year ended September 30, 1933....... 164,317.89 
Year ended September 30, 1934....... 120,448.65 


The sum of these three charges when added to the corresponding 
expense of $10,000.00 for the present fiscal year, makes the total 
provision for uncollectible dues for the entire four-year period ended 
September 30, 1935, $349,766.54. 

As the result of the foregoing write-offs and creation of reserves, 
the amount of dues receivable shown on the balance sheet, Exhibit 
C, is considered to be collectible in its entirety. 

Furthermore, a most favorable dues situation has resulted from 
the efforts of Council to clarify the membership status. This is 
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A.S.M.E. INCOME AND EXPENDITURES PER MEMBER, 1934-35 
EXPENDITURES 


Aoi S— BA BRS L---ADDITION TO RESERVE 


ee #149 per Member —5.4% 


\ Expenses of Certificates of 
\ Indebtedness, Farker Case, 
\and Membership Census. 

, INTEREST 
$8.47 #0./7 per Member — 0.6% 


per &~~~-ADVERT/S/ING AND SALES 
Member Expense of Soliciting Advertising, 
29.9% Printing and distributing Mechanica] 
Catalog, the Advertising Section of 
Mechanical Engineering and the 


Member — 4./ %» 


— $//3 per 


‘ 
' 
1 
1 


INTEREST — $0.85 per Member -3./ Yor, 


MISCELLANEOUS INCOME — $0.34 per Member -/ 2 %o~. 


S) ‘ y Pubsications Sold 
CaS 9/47 per we---~~ ~GENERAL SERVICE K 
We S Member 5.4% Contributions fo Library, American En- ' 
s eS laa $206 gineering Council, and Expenses for Coun- | 
S Sit perMember cil, Awards ond Nominating Committee | 
Sey} 44% X---- TECHNICAL SERVICE 
Ras a f Expenses for Carrying on the Technical wy, 
RS ' Service ped Mechanical Engin-& * 
= ' é 6 90 eering Practice through Research, g x 
S ' per  8o/ler Code, Power Test Codes, Stana- SG 
4508 Member Walzation and Safety. S 1 
per Member UY 25 2% S_PROFESSIONAL SOCIETY SERVICE S & 
A 551% r Expenses for Conducting Society Meet- No 
here t ings and Carrying on 16 Divisions, 7/ re S 
Hy H ' Sections, //2 Student Branches, the NES 
iP \ al Usual Routine of Membership Election, te « 
S ' ; and the Contribution tothe Employ-  ik& 
) | ment Service. Re 
Ue a 46.36 z--- PUBLICATION TEXT SERVICE S\: 
x ' per Text Publications sent toMembers. @ * 
& ; Member Expenses of Editing, Printing, and 8 Xs 
6 ' 23.4% Distributing Mechanical Engineering, & { 
SS ' . Transactions, and Membership List. = { 
Q H ' Si 
' ' Re 
Ss wail ¥ av: 


apparent from the fact that, despite a 30-per cent shrinkage in the 
membership during the past year, the cash collections of dues were 
improved, as shown: 


Year ended September 30, 1934..... $199,868.73 
Year ended September 30, 1935..... 201,967.21 


CURRENT CONDITION 
On the basis of quoted market values of investments, the cur- 
rent condition of the Society is more liquid than it was a year ago, 
as shown by the ratio of current assets to current liabilities: 


At September 30, 1934...... 1.3 
At September 30, 1935...... 1.9 


This corresponds with an increase in the net working capital, or 
excess of current assets over current liabilities of: 


Current Current Net Working 
Assets Liabilities Capital 
At September 30, 1934..... $154,741.85 $114,562.88 $40,178.97 
At September 30, 1935..... 135,289.88 74,771.93 60,517.93 


The foregoing ratios and statement of net working capital are 
computed on the conservative basis used in the Society’s balance 
sheets, and do not take into consideration real estate mortgage 
bonds and certificates both unpledged and pledged as collateral to 
bank notes payable having a quoted market value of $71,350.00 at 
September 30, 1934, and $75,685.00 at September 30, 1935. The 
reason for the exclusion of these items is their less ready market- 
ability as explained later under the heading ‘‘Investments.”’ 


Dust RepuctTion 
The demand note held by the bank has been steadily reduced as 
shown below: 
Amount of Note Yearly Reductions 
September 30, 1933......... .....-$164,000.00 


September 30, 1934......... panos 57,500.00...... $106,500.00 
September 30, 19385............... 17,000.00...... 40,500.00 


The reduction has been accomplished by the application of funds 
received from three sources: 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


1933-34 1934-35 
Current incomes.s.. +). caeeeeien se $ 8,897.36 $13,951.93 
Sale of securitiest..... soins re «ee 61,287.42 17,713.29 
Sale of certificates of indebtedness 
to ‘membersee sc Meee ne eee 36,315.22 8,834.78 
Total reduction in bank debt......... $106,500.00 $40,500.00 


SALE OF SECURITIES 


By close observation of the daily market quotations of the issues 
of railroad and public-utility bonds owned by the Society, the Finance 
Committee, upon authority of Council, was able to sell certain se- 
curities from the Society’s portfolio at a profit and thereby to reduce 
the bank loan. The face value, cost, and net selling price of the 
securities sold during the past two years are given in the accompanying 
Table 1. 


TABLE 1 


Net Selling 


(A) Securities sold during 1933-34 Face Value Cost Price 


Binghamton Light, Heat and Power 
Co. 5%, 1946 
Central Maine Power Co. 5%, Series 


$ 5,000.00 $ 5,000.00 $ 4,931.62 


es Pe rere Sern ee Rie 10,000.00 10,100.00 9,974.37 
Commonwealth Edison Co. 5%, 1935 5,000.00 5,118.75 5,194.50 
Cumberland County Power & Light 

Coi4t/s%; 1959 se coe eee ie ate 2,000.00 1,890.00 1,877.95 
Dallas Power & Light Co. 5%, Series 

Ce I95 2 Ai Sao a eee ee 5,000.00 5,000.00 5,184.87 
Metropolitan Edison Co. 5%, Series 

 LOBSRLT Va Net ree a meer eon 5,000.00 5,012.50 5,036.12 

New York Central and Hudson River 

Railroad Co. debenture 4%, 1942. 25,000.00 23,062.50 23,943.12 
San Diego Consolidated Gas and 

Electric Co. 5%, Series B, 1947..... 5,000.00 5,075.00 5,144.87 


Total during 1933-34.......... $62,000.00 $60,258.75 $61,287.42 


(B) Securities sold during 1934-35 


Alabama Power Co. 5%, 1951...... 
Cumberland County Power & Light 


$ 5,000.00 $ 5,000.00 $ 4,831.90 


Cowal /s0o5 OBO ten as fine tee 3,000.00 2,835.00 2,816.86 
Public Service Company of Northern 

Iilinois $.%, 1966.10. 4 ds. 0 Basics 5,000.00 4,962.50 5,107.26 
Texas Power & Light Co. 5%, 1956... 5,000.00 4,850.00 4,957.27 


Total during 1934-35........... $18,000.00 $17,647.50 $17,713.29 


SALE OF CERTIFICATES OF INDEBTEDNESS 


On March 21, 1934, the Council authorized an aggregate issue of 
$125,000.00 of four per cent Certificates of Indebtedness, due Janu- 
ary 1, 1936, to January 1, 1944, to be sold to the membership of the 
Society. Between that date and September 30, 1934, certificates 
amounting to $36,450.00 were purchased by members. In the current 
year additional certificates amounting to $8,700.00 have been pur- 
chased by members, thus bringing the amount issued to $45,150.00 on 
September 30, 1935. Of this amount $600.00 face value of certificates 
have been donated to the Society by members and are held in the 
treasury. Those members who purchased Certificates of Indebted- 
ness are to be commended for their willingness to assist the Society. 
By their loyal support they have not only enabled the Society to re- 
duce its indebtedness to the bank and to lower the annual interest 
rate by one per cent from the former level; but, in instances where 
purchased certificates have been donated to the Society, those mem- 
bers have beneficently opened a new channel of revenue through 
which the Society’s financial condition may now be continuingly 
strengthened. 


INVESTMENTS 


The status of each real-estate mortgage bond and certificate has been 
analyzed and studied. With the exception of two mortgage bonds 
with a combined face value of $54,000.00, all mortgage bonds and 
certificates owned by the Society, whether as investments or as trust- 
fund securities, are issues of the Lawyers Mortgage Company. Prac- 
tically all mortgage bonds of the Society are secured by real-estate 
properties in New York City. The Department of Insurance and 
the Mortgage Commission of the State of New York have endeavored 
to rehabilitate the Lawyers’ Mortgage Company by supervising its 
operations during the depression. The quoted market value for real- 
estate mortgages in New York City is low, inasmuch as investors are 
not buying that form of security; but the majority of the properties 


i; 
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in which the Society has a participating interest are being well man- 
aged. This is evidenced by the average yield on real-estate mortgage 
bonds and certificates owned by the Society which was: 


Trust-Fund Other 
Invest- Invest- Aver- 


ments ments age 
For Fiscal year: 1933--34........... 4.46%...3.387%...3.64% 
L9S4-35 2 eis sids.ciesasdhe 4.13%...3.59%...3.75% 


Although the average yield is exceptionally good for this class of in- 
vestment at the present time, the mortgages are still in a ‘‘distress 
market.”” In most cases the market value of these investments is ex- 
pected ultimately to return to nearly the original purchase price. 

The complete schedule of securities owned by the Society appeared 
in the annual report of Council for 1932-1933 on page 25 of the Record 
and Index Section of Transactions for 1933. A schedule of securities 
as of September 30, 1935, has not been included in this report inas- 
much as the only changes are those previously noted under the head- 
ing “Sale of Securities.’’ 


Respectfully submitted, 


WALTER RavTEensTRAucH, Chairman Wm. H. Gusniu 

Wo. T. Conton K. M. Irwin 

W. D. Ennis Erix Osere, Treasurer 
Exy C. HutcHinson 


Thee Haesow ; Council Representatives 


ACCOUNTANTS’ CERTIFICATE 


The American Society of Mechanical Engineers: 

We have made an examination of your accounts for the year ended 
September 30, 1935. Under the terms of our engagement, the 
accounts receivable, other than advertising accounts, at September 
30, 1935, and collections during the year were not verified by con- 
firmations obtained from the debtors, nor were the quantities of the 
inventories verified by us. 

In accordance with recommendations made by us in previous 
years, the Society during the year under review has compiled detailed 
records of dues receivable from members. This compilation shows 
balances receivable at September 30, 1935, aggregating approxi- 
mately $21,000.00 in excess of the amount shown by the general 
records. No effect has been given in the accompanying statements 
to any part of such excess, and therefore the income of the Society 
for the year under review is conservatively stated. A study now 
being made by us in conjunction with the Society’s staff indicates 
that a substantial part of the above-mentioned excess has its origin 
in actions taken by the Society to continue in membership certain 
individuals whom it had previously expected to drop from the rolls. 
A supplemental report will be issued setting forth the extent to 
which the surplus will be adjusted during the fiscal year beginning 
October 1, 1935, on account of the foregoing. 

In conformity with the practice followed by the Society, there 
have not been included in its accounts nor in the accompanying 
statements any accruals of interest receivable or payable other than 
/on outstanding certificates of indebtedness. 

In our opinion, subject to the foregoing and to the notations on 
the accompanying statements, the attached balance sheet and state- 
ments of income and expenses and of surplus set forth, respectively, 
your financial condition at September 30, 1935, and the results of 
your operations for the year ended that date. 


(Signed) Haskins & SELLS 


New York 
November 30, 1935 


Nore: The following Exhibits A, B, and C and Schedules 1 and 


83 have been prepared from the report of Messrs. Haskins & Sells; 


Schedules 2, 4, 5, and 6 have been prepared by the Finance Com- 
mittee from the Society’s records. 


EXHIBIT A 


COMPARATIVE STATEMENT OF INCOME 


INCOME 
Ini 


EXPENSES 
For Two Fiscal Years Ended September 30, 1935 
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AND 


1934-35 1933-34 


tiation fees (carried to Surplus)—See 


BIxhiDitebs on aoe tae nye. heelcyers $ 15,800.23 $ 15,354.60 


Membership dues (Less provision for dues 


considered uncollectible at September 
30, 1935, $10,000.00; September 30, 


1934°'$1205448'65) Gasecatcismatle cane $201,660.34 $198,731.15 
Studentid tesserae yee Acts 9,738.50 6,781.35 
Interest and discount..........ce+eeccee. 11,871.06 13,883.15 
Mechanical Engineering advertising,........ 53,503.64 49,195.37 
Mechanical Catalog advertising........... 42,258.15 41,156.63 
Publication sales serps ncn nee eric ania 47,712.06 39,522.83 
Miscellaneous sales... ....0.cesccevccece 1,440.25 1,486.59 
Journal of Applied Mechanics contributions 1,531.00 
Engineering index. J 45. tidied eiena i 25,715.18 
Contributions unrestricted................ 23.00 982.06 
Technical Committee contributions........ 400.00 1,577.28 


$370,138.00 $379,031.59 


Less: Provision for and write-offs of accounts 


receivable other than dues, and ad- 
Justment of controlling account, less 


TOCOVELICS ere. sliae eerie wsiatereieis Sas ee 3,466.97 3,972.33 
$366,671.03 $375,059.26 
Authorized transfer from Trust Funds..... 4,200.00 
Net profit on securities sold............... 65.79 1,028.67 
Sales) (ofequipmentessasn cals ane ae 1,293.00 
ToratEncomay:.) er .ke a. eee es $368,029.82 $380,287.93 
EXPENSES AND CHARGES 
Committee expense—See Schedule 1....... $ 59,687.04 $ 50,893.96 
Publications expense—See Schedule 2...... 103,535.63 85,625.30 
fice expense—See Schedules 3 and4...... 190,703.57 188,129.88 
Engineering-Index expense................ 21,235.20 
Certificates-of-Indebtedness—interest and 
issuing expenses eins ocmeen ee cede en 1,895.18 1,047.64 
Journal of Applied Mechanics—Editorial 
Boardiexpensenccdsas ue ones 285.43 
Parker Case expenses paid to date......... 2,326.37 
Membership: census sts.) uses ecules eoe cece 2,054.66 
Toran Exprnsps—See Schedules 
Sue titel Gea bavic tia edie aeeee $360,487.88 $346,931.98 
Interest and discount charges............. 2,417.18 8,004.58 
Total expenses and charges....... $362,905.06 $354,936.56 
Net Income for the year (carried to Sur- 
plus) See Exhibit Basen eae ocles s $ 5,124.76 $ 25,351.37 
SCHEDULE 1. COMMITTEE EXPENSE 
(Direct Appropriation Only) 
1934-35 1933-34 
Council aera ectae cesses cn tis avoisterssiehs Goverate $ 2,560.98 $ 3,521.23 
Engineering Societies Library................ 8,509.53 8,193.71 
American Engineering Council............... 8,778.00 6,055.00 
Sections Committee—mileage................ 853.10 552.18 
Sections Delegates—mileage................. 1,716.74 3,214.69 
Sections. operation. sci ees nies cies iciesels cloaca 13,690.55 9,761.43 
Awards #1 i:)0. Somes aercticiae cetle sora cit core aie 364.38 394.03 
Nominating Committee. .......0.0:0-00.00005 416.06 740.11 
Relations with Colleges—mileage............. 74.95 110.47 
Research (Grants to Initiate Projects)......... 208.00 
American Standards Association.............. 500.04 625.01 
Divisions/Meetingses.).c'.c.cc1 slain on eoecienete 2,781.52 2,444.63 
Society's Meetings: .y.u:c-.c coment 4,822.90 4,333.47 
Engineering Societies Employment Service..... 8,240.27 6,923.58 
Student-Branches Operation................. 6,378.02 3,816.42 
SOT ATS 5 eats, cov yesava: 41911 va ve eer eee $ 59,687.04 $ 50,893.96 
SCHEDULE 2. PUBLICATIONS EXPENSE 
(Printing and Distribution Only) 
1934-35 1933-34 
Mechanical Engineering Text Pages........... $ 24,950.48 $ 22,769.94 
Mombership Liston oss Shao se ces eee Oe 3,869 .29 
Transactions i). vit fatas enix seed oe cleieied 22,849.96 21,358.69 
Journal of Applied Mechanics.............0+. 3,929.75 
Mechanical Engineering Advertising Pages..... 11,205.49 9,616.57 
Mechanical Catalog: i. 20s ciss cinciccumnu ces 16,927.92 15,709.09 
Other Publications Sold é353..6< so25.6.nese es 19,802.74 16,171.01 
PR OW Ata pete rata ei sors fas ¥ola te wha yoreie aerators $103,535.63 $ 85,625.30 


/ 
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SCHEDULE 3. OFFICE EXPENSE 
(Classified by Items) 


1934-35 1933-34 
Salaries isesic acecn co occitesire, alencuouste iby met: tereie tes heeh oe yor cls oor aicox cits net's the NOTE ey enema $143,201.78 $146,424.05 
GOMIMISSLONS ys eiysic coh ane ate ORCL eNO eee eee esos ce cletale oicta: canes yet iekcmet tas 2,323.99 ,583 .30 
Postage st. ~ Sec erg fica etek ee eee aietole re mine cte koniere srcverciels. \sapie, 6110] 8,040.75 7,650.45 
Printed matter 5,827 .53 5,223.79 
IPUDLICIEY: © ais. ioionate, cia oo ae PONCE oat onoliouktcrote tea neneteenta tes ool: cote. net tre ieee entre 541.55 
Traveling.. 5,967 .34 3,679 .83 
Collections baye 197.10 145.42 
Telephone and telegraph. a 4,187.40 4,151.03 
Insuraneesas.antscniecce ae Lo, ee 991.16 1,149.27 
Office Supplies 4,446.91 3,399.17 
Secretary’s Emergency Fund 257.82 50.00 
YS A Ee oe oe aA 6 eye HG.a 4 Cuno 0 SUMO ROD ROU SO SCS bu 7,270.58 8,509.83 
SGA CLONER Y oo. Sears nerd eee ene OTe RI eae ic las loon ol eter ee ates teas Remeeay 1,658.81 1,151.27 
Maintenance:and- repair... chide ricnanincmtetr ents nies sie wee yeu tis rie eisai hetatien 706.78 455.10 
Cost of Miscellaneous salesiyim ces trclccciete tte rmelete tenet rele etairo sce raralls na ene) eee eee te te ete 955.39 935.19 
Depreciation of furniture:and equipment... 2. sie 2.) - =~. 2 ee neers does 1,300.00 1,300.00 
Winclassi fied ii sceaic/s heehee ee A leona elec eaten ee eee 3,058.93 2,588.37 
$190,933.82 $188,396.07 
Less: ReCelpte ers ofrecer near Re Levee etic hanes sau" ah ees ee 230.25 266.19 
TODA orca hay RRA SIT eS Nea ie erates SMe cent eI een ES $190,703.57 $188,129.88 


SCHEDULE 4. OFFICE EXPENSE 
(Classified by Departments) 


Salary Other -——Total Expense——X 
expense expense” 1934-35 1933-34 
General Department: General supervision, staff service to Council, Executive Committee, Special 
ommittees of Council, Committees on Finance and Publications, central accounting, purchas- 

ing, stores, addressograph, duplicating, files, clerical and stenographic. . . $50,448.02 $15,445.49 $65,893.51 $65,823 .02 
Field Department: Staff service for Sections, Branches, Meetings, Divisions, Membership, Awards, 

Employment Service, Chicago and Titles: Ofieed 0 hse. ae Mee coe ee 28,293 .33 6,868.40 35,161.73 32,969.24 
Technical Department: Staff service for Committees on Boiler Code, Power Test Codes, Research, 

Safety and Standardization .jcemscieteac tie aa ial be eel tenet Perens ate lees ler eietelenetetencesceteleis 14,782.32 2,107.46 16,889.78 18,896.05 
Eiditorial’Department Hr. ire steietotucacke eave cle clsle tie ome Rane T ia eeeee renee mer eee vei oie) clot srotete le vehetenerener citer 19, 210.41 1,036.69 20,247.10 20,913.77 
Advertising Department...... 24,888 .38 9,116.76 34,005.14 31,436.90 
Publication Sales Department. 5 579.32 3,365.25 8,944.57 7,131.80 
Rent; Insurance,, Depreciation sy srsactarvesd lexere ie taveeata aalebole late ei tere alte Palomera ste relereteletais sverstenncetetetotenrsinien ammerenci sat aunt mamnC ney acre 9,561.74 10, 959.10 

fy 0. eee a MSE Omran a OSA i oonb cas sooo aes ac ho Oeu aes yn oa. 02.0 eben tic $143,201.78 $37,940.05 $190.703.57 $188,129.88 


@ Other expense includes postage, printed matter, travel, telephone and telegraph, office supplies, stationery, maintenance and repair, and unclassified. 


SCHEDULE 5. DETAILED COST OF A.S.M.E. ACTIVITIES 


Printing and 
Committee Distribution 


Activities Expense Expense 
Council (President; Executive Committee)..............-+++serecveeseeeceeess $ 25560598) 7 ewes ale 
Standing Committees of Council 
Award sesic/l As lol sR ape tsar eke arate nla trie lols RRA ORC ee etme rats cr tre ehcreri ae ronal MORES 264: 38) Mes lersys cree 
inl) Pw coougoranucnpucide cones Cb aon Shcoo ese Hr QA peUGhesBHGomAGonUOOnd CHEUORGES@ igdogaa 
LocalSections ::\gsctiacykece eck woot to erent eaters ray etree tacerar veil ter ae areteretereneeea 16,2605380) 7 terest care 
OC POretCOniccs. aoe sacs cocoa teks eee cierto ree lease ara ne unl hela tat anne en (1S ;690" 55) Pe eerrereree 
Delegates Conferencesc Siac a sev Me ea setae oto ne ae ee (OCIGETS) Smee ee ee 
Committee’ Miles reste s cious eaten er ete cate hee ee oa ra eae ee eee ee (GS 535.10) ares eee 
Meetings‘and Progtams.5 65 1nats mek oe en aie ak lee cereal eee ee Creer 4822) OO em ec eysasret tees 
Membership 
Peo) 0) SC tO ree ee ees ke Reranch AMOS | accor  aracace 
Development Ax. cyerstcceysaiw avace a crac Senee ata Sara, talaletArpnarienei@ na teheley tie eter eee Referer ete tse toe mets 0-6, srt sam aMecueeye naa 
Power T est: Codes aero o.oo, 2 taavagerait iy ae S a cere owe atk age A cL a eee Seale ae ee er ee 
Professional Divislons iécése.:ci-heisiere ores a eiiiiaiinn ahs arv ene Oe Ie nee S102" Sarkar 
Publications 
Engineering: Index. 5 syoye seas pusswaitacorsta yereker sae teecterata ef nese era STROM eT eo ees 20 aaa es cr 
Journal of Teens MW CORDES ats Saami io UNIMOG oe ( 285.43) $3,929.75 
Mechanical’ Catalognnic:a icc nfusinnte osha vie ue oth Seip Oe eRe ciate aeiges 16,927 .92 
Mechanical Engineering Advertising Pages 11,205.49 
Mechanical Engineering Text: Pagers faa sac iis a Se eee ek ae 24,950.48 
Membership Lists: fot: cv. cchelotus asi htane anette aM eee Oe tee rate ve 3,869.29 
Publications’ forsale iite)..cievetersterersawe ine otter rere ke ital Semen ate Satoh as 19,802.74 
IPTANSACHLONS Ras ete hone) Mun eh atten Gee eee 22,849.96 
Relations With Colleges (Student Branches) es ; 


Operation: 25 ven ata dice 
Committee Mileage. 
Researehii...i:tgeacts ere 
Technical Inquiries 
Safet: 


Hph ses eda Ge. sip ee 
Boiler Code 


Membership: (Consus iii a sciatscorei give aie ose ote at meee a any Ord eye ene nn re 

Nominating ‘Committees: ).403 s)-rs.«.c eben ute Mee aie sae an Eee tae 416.06 

Park6riGase cachet ieee eae ie case Oe aco ee ee hee 
Joint Activities 

PANEKIOAD, LNgINESMN COUNCIL «ski racrrele te antenie tire oie eet ection meters: SET 7SC00 ee eee 

AmericantStandardstAssociation: (4. h./e nas tiigcee acs atures neanee Ste Olomiiee ere oe ae 600704" 9" aeaoas 


DOO ROD GODOT OOO ih) noa ees MOO OIO eC OO $59,687.04 $103,535.63 


Office 
Expense 


$190,703 . 57 


-——— Total Cost———_. 
1933-34 


1934-35 
$ 2,560.98 


8,778.00 
500.04 
9,117.78 


$360,487.88 


$ 3,521. 


6,055. 
10,317. 
$346,931. 
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SCHEDULE 6. TOTAL COST OF A.S.M.E. ACTIVITIES 
1934-35 1933-34 
pense of Council, Awards, and Nominating Committees...................+0- $ 20,628.95 $ 18,904.08 


SOLV1CO erp r er tetreie crmet etches tee ee ee ei eh cub elena sre eebcae beds 96,919.78 86,756.11 
Technical Service—Expenses of Committees on Boiler Code, Power Test Codes, Re- 
BOarChoatety; anaistanGdardization. cs. ccm ce oc cv vee helene tne oe eee 28,489.82 32,929.06 


Wembershipr listers sc crevasses ste cio cionis hie cies calc ae acne eo eeen 89,332.01 79,442.40a 


TLOTIB. SOL dia Meee RTM cton ost cate ey Cie ai tovepeycie-@savc.ore eve/rtccathl crestictane soavdalera oe 118,841.11 106,617.49 
Engineering-Index—Expenses of editing, printing, soliciting, and distributing Card 
Service andeannualhvVolumes casero se eiss eae scale vieicie saUUen Plc a aero 21,235.20 
Certificates of Indebtedness—Expenses of soliciting sales, printing certificates, legal 
BELVACe PAN Ghmvaresbay yaw katara eect hc c cite re io tein Gi coo vache ra ct avesvaaes Sole 1,895.18 1,047.64 
Cost of Parker Case—Expenses of legal counsel, minutes of hearings, and printing 
PAVSNS OUCADPGALeMNeE meee steLspeinet s Msc, ees ace ue otis ite Pike bens ee aoe 2,326.37 
Membership Census—Expenses of printing, distributing, and analyzing biographical 
Gatasheetsrot membors men asciiaee cle rrtelettia otc oeeinus. «as ends eee ae 2,054.66 
UW Pas dean OOO t 6 Oe CEO COC CMHC oc. CCIE IMR LP Ome bis rere $360,487.88 $346,931.98 


2 No expense of Journal of Applied Mechanics nor Membership List in 1933-34. 


EXHIBIT B 
STATEMENT OF SURPLUS 
For Fiscal Year Ended September 30, 1935 


BaLance, Ocroser 1, 1934, per Soctpry ANNUAL RBPORT......0....c0cccccececccccecerceucees $222,596.59 
CrepitTs: 
TNIGiAbLON' HOGS cy retary sla sfeystaseceseraletet ain alec ieleiys nies ictal clare Mees al nate aici teeta eetane $15,800.23¢ 
Adjustment of Prior Years’ Interest—Retirement-Fund Reserve................ 1,810.46 
RedactionimeCapital Unvestmenberiecryerecremeniciscc:s.2 oieiais siaias se Sale mes ermecibtes 557.56 
Adjustmoention rior. Vears Inventoryiancsaesicisccce coy csein eo aise tele helen eieve 115.76 
Net: Income’ for the Year, per Pxhibit Av 02s cos s occkg Heese od sec webeacewns . 5,124.76 23,408.77 
ELYRIA ener te ote ne te Pete afer atayiete rare av an aah ope scve 0h GPS) wishin dt eaten ci so Snare a aN avidin ievatiph wticog le edocs. sonvacdevenin $246,005.36. 
CHARGES: 
Write-Off of Loan to Committee on Thermal Properties of Steam............... $ 4,000.00 
Assessment by United Engineering Trustees, Inc., for construction of Library 
BU AGH a Trica enone y ORT ys scares visas favoyar nl ora akator'save bl coche ee ie eee Oe 2,500.00 
Reduction of Brashear Biography Inventory value...... Secor sAdoonc oo Sonor 457.92 
Adjustment of Custodian-Fund Interest Applicable to prior year............... 197.99 7,155.91 


Ba.aNnce, SEPTEMBER 30, 1935 (representing excess of income, including initiation fees, over operat- 
ing expenses and other charges, and subject to provision not having been made for decline 
of $163,200.64, as of September 30, 1935, in the quoted market value of the Society’s invest- 
Mens exolusiveror. trust UNG agmvestinents) cis). «ro ce-cremareleree sini -cs olbersciecio Nl hantabaulnatercs: $238,849.45. 


¢ It being the practice of the Society to take up initiation fees only as and when collected, the above statement 
does not include such fees receivable at September 30, 1935, and October 1, 1934. 
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ASSETS 


CuRRENT ASSETS: 
EY) See marten reer As Cie 
Accounts receivable: 

Dues (less reserve for un- 
collectible items, 
SSZ:OBS. LIne care 

Publications and adver- 
tising (less reserve 
for uncollectible 
items, $4,000.00)... 

Miscellaneous.......... 


$10,295.34 


44,840.61 
1,232.16 56,368.11 
Inventories: 
Publications for sale. . $35,378.54 
Publications in process.. 8,092.49 
Supplies... Maroy. en se. 4,741.94 48,212.97 
_ Securities—At cost (quoted 
market value, $13,- 
287.00) —$23,177.64 
deposited as collat- 
era] to bank note 


payables. cc.cs sees 23,277.64 


Tora, CurRRENT ASSETS............--+- 


Reau-EstateE Mortreage Bonps 
AND C®BRTIFICATES 
—ar Cost (quoted 
market value, $110,- 
540.00): 

Pledged as collateral to 
bank note payable.. $ 
Pledged as collateral to 
Certificates of In- 
debtedness......... 
Unpledged). 5. hs sac nce 


86,000.00 


68,750.00 
109,000.00 


Torat Reaut-EstateE Mortaace Bonps 
AND CHRTIFICATHS.............-00: 


Troust-Funp Assets: 


Corporate stocks and real-es- 

tate mortgage cer- 

tificates (quoted 

market value, $66,- 

B10:62) seaciennioneen a 127.16 
Gash sncteidicnesceniieiircene 2,640.44 


Toran Trust-FUND ASSBTS............- 
Propverry-FuNpD INVESTMENTS: 


One-fourth interest in real-es- 
tate and other as- 
sets of United En- 
gineering Trustees, 
Ine., exclusive of 
trust funds........ 

Office furniture and fixtures 
(depreciated value) . 

abrary books: sec cele 

Engineering Index—Title 
and good-will...... 


* $496,948.48 
23,719.60 
1.00 


1.00 


Torat Propprry-Funp INVESTMENTS.... 
DEFERRED CHARGES—Society Ac- 
tivities Applicable 
to Subsequent Years 


$ 17,421.80 
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EXHIBIT C 
BALANCE SHEET, SEPTEMBER 30, 1935 


$ 145,280.52 


263,750.00 


. 


120,767.60 


520,670.08 


141.46 


$1,050,609. 66 


LIABILITIES 
Current LIABILITIES: 

Note payable—Bank (See 

securities pledged, 

contra).... ae $ 17,000.00 
Accounts payable 21,382.00 
Unfilled commitments—Hs- 

timated liabilities 

relating to “Me- 

chanical Catalog”’ 

for 1935-1936, etc.... 13,700.20 
Assessment payable— United 

Engineering Trus- 

tees, Ene. ine: 2,000.00 
Custodian funds............ 16,243.23 
Reserve for prepaid sub- 

scriptions. . 4,000.00 
Accrued interest on certifi- 

cates of indebted- 

LNG IORI 2.0 LE ICLOS 446.50 


Torau Current LiaBiLit1Es (exclusive of 
Certificates of Indebtedness to be re- 
deemed January 1, 1936) 


Four Per Cent CarriricaTEs OF 
INDEBTEDNEss, Due 
January 1, 1936, to 
January 1, 1944 
(10% of the total 
amount issued to be 
redeemed January 
1, 1936)—See invest- 
stents pledged, con- 


Authooked. Lace rhy Mis: tee $125,000.00 

Fasaede occas erste os now sine ot erie $ 45,150.00 

Less it. (REASULY woo cece n,01 1c Ce vette 600.00 
Trust-Funp RESERVES 

Principal: cetine seers chester ten teen $111,120.02 


ERCOM Gs Fekiee antics Aen ackh eaiee eee 9,647.58 


Property FUND BESWR VE SE Pes speioc sess recreate a ere te eee 
RESERVE FOR EMPLOYEES’ RETIREMENT ALLOWANCES....... 
Derrprrep Crepit—Durs RECEIVED IN ADVANCB......... 
SURPLUS (representing excess of income, including initiation 
fees, over operating expenses and other charges, and 
subject to provision not having been made for decline 
of $163,200.64 as of September 30, 1935, in the quoted 
market value of the Society’s investments, exclusive of 
trust-fund investments), per Exhibit B 


Novation: 


$ 74,771.93 


44,550.00 


120,767 .60 
520,670.08 


15,921.61 
35,078.99 


238,849.45 


$1,050,609. 66 


In accordance with the Society’s practice, initiation fees receivable are 
not included in the above statement as they are taken up by the Society as 


assets only as and when collected. 


: 
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MEETINGS AND PROGRAM 


With each year there are changes in the aspects of the work of the 
Committee on Meetings and Program and its problems are constantly 
shifting. Through it all there remain, however, certain fundamental 
requirements upon which it is periodically necessary to place pressure 
that the Society as a whole may continue its progress and provide for 
the service and welfare of the members. 

In the year just concluded the Committee’s slogan has been ‘‘Better 
meetings and bigger attendance, within the budget.’’ Necessarily the 
, latter presented limitations. Nevertheless, much has been ac- 
» complished and reactions to the work of the Committee from the 

members in general have been encouraging. 

For the purpose of developing greater uniformity of action, a sug- 
gested policy for the Society with respect to exhibitions held in con- 
junction with meetings was prepared by the Committee and sub- 
mitted to the Board of Technology for consideration. 

The Annual Meeting which was held December 3 to 7, 1934, was 
generally satisfactory. Dr. John H. Finley, editor of the New York 
Times delivered the Calvin W. Rice Memorial Lecture, given to com- 
memorate Dr. Rice’s contribution to the development of international 
friendliness in the engineering profession. Because Dr. Rice’s ser- 


) vices to the Society were outstanding in international relationships in 


| 


that field. This memorial should be repeated as occasion is offered, 
) as it was when Dr. Adolph Meyer of Switzerland was the lecturer at 
the Semi-Annual Meeting at Cincinnati. 

At the annual banquet the plan of securing as speaker a well-known 
and outstanding lecturer upon world affairs was extremely well 

_ received. To make it possible for members not attending the ban- 

) quet to listen to the speaker, it was arranged that for a small entrance 
'fee such members would be admitted to the banquet room. The 
plan worked moderately well, and it is hoped to develop it further. 

At the Annual Meeting a small registration fee was charged for non- 
members who were not invited to attend the Meeting. The plan 
serves to emphasize the value of the Society to the individual member, 
and it is hoped to develop it further. 

The meeting in Cincinnati was eminently successful in every way. 
Programs for both meetings were published in the publications of 
the Society and are to be considered as a part of this report by 
reference. 

The revised pamphlet, ‘‘Suggestions to Authors’ has resulted in 
increased excellence of presentation of papers. The policy of printing 
papers in advance of the meetings has been continued with growing 
popularity. 

Council has allotted for all activities conducted under the super- 
vision of the Meetings and Program Committee for the year 1935- 
1936 the sum of $5700. This amount will be disbursed by the Com- 
mittee in such manner as to provide the greatest number of meet- 
ings. There are now scheduled the 1935 Annual Meeting to be held 
in December, 1935, the 1936 Semi-Annual Meeting at Dallas, Texas, 
as well as regional meetings in San Francisco and Niagara Falls 
also to be held during 1936. 

To enable a larger number of members to enjoy the ceremonies and 
addresses which have been scheduled heretofore on Tuesday evening 
of Annual Meeting week, known as ‘‘President’s Night’ it has been 
decided to transfer some of these events this year to the Banquet 
night on Wednesday. The President’s reception and the Presidential 
Address will be combined with the Banquet and followed by dancing. 

\Tuesday evening will be designated as ‘“‘Honors Night’ at which time 
the medals and honors will be presented, to be supplemented by one or 
two addresses or lectures of importance and current interest. 

The committee has studied the general programs of the individual 
Local Sections and has offered to the officers of the Sections sug- 
gestions for improving their programs and aid where suitable speakers 
could not be found locally. The Committee fostered a policy which 
will insure publication of Local Section papers that meet the stand- 
ards required of national meeting papers. 


Respectfully submitted, 


Ropert I. Rees, Chairman CiLaRKE FREEMAN 
Exy C. HutcHinson R. F. Gaee 
Harvey N. Davis D. C. Cory, Junior Representative 


PUBLICATIONS 


At the beginning of the fiscal year the Committee on Publications 
faced a further decrease in funds below the insufficient amount al- 
lotted for publications last year. This forced further curtailment in 
the services of the committee during the early part of the year, al- 
though there was no decrease in the number of papers being pre- 
sented and recommended for publication. The committee solicited 
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the aid of the Professional Divisions in recommending for publica- 
tion only papers of outstanding quality and timeliness. The Ad- 
visory Board on Technology assisted materially in assenting to a 
policy for allocating available funds and space among the several 
technical-paper production agencies of the Society, a plan yet to be 
worked out in detail, and in urging Council to increase the allotment 
of funds for publication. 

Fortunately an increase in income, both from dues and advertising, 
enabled the Council to provide more money for publications during 
the latter part of the fiscal year. Members of the Society expect and 
are entitled to this direct evidence of an increase in available income. 
The Committee is continuing to urge the importance of all means for 
improving the quantity, quality, and timeliness of the technical 
publications of the Society and for enlarging and improving ‘‘Me- 
chanical Engineering.” 


Suacestions or Locau Sections DELEGATES 


From the Conference of Local Sections Delegates held in con- 
nection with the 1934 Annual Meeting the Committee received 
several suggestions and points of view, all of which were discussed 
and acted upon. 

The confusion existing regarding the name ‘‘Record and Index,”’ 
applied to a publication issued in several sections, only one of which 
was an index, was cleared up by adopting the name ‘‘Society Record”’ 
for the sections which are records and ‘‘Index’’ for the final section 
which is made up of indexes to the Transactions, Mechanical Engi- 
neering, and miscellaneous publications. 

The suggestion that a handbook of codes and standards be dis- 
tributed free to members was referred to the Advisory Board on Tech- 
nology. 

A suggestion of an assistant editor representing, and resident on, 
the Pacific Coast was noted but action was withheld for financial 
reasons. 

Comments and suggestions relating to publication policy, requested 
by the Committee and reported from the individual group conferences 
were noted and discussed. No serious objections to these policies 
were registered, but early in 1935 several individuals protested 
vigorously against the policy of including in Mechanical Engineering 
papers on non-technical subjects, particularly in economic, sociologi- 
cal, and management fields. The Committee attempted to explain 
its point of view to these critics, and pointed out that in practically 
every instance the papers on these subjects had been submitted by 
some official group within the Society, and that the Management 
Division, whose contributions were objected to on the ground ‘‘that 
they were not engineering,’’ was one of the largest groups in the 
Society. 

For several years the Committee has been alive to criticism of this 
sort and from time to time has attempted to secure opinions from 
widely distributed individuals and groups. In the spring of 1935 a 
“check list”’ was circulated among selected groups of junior members. 
One of the objects of this check list was to determine the distribution 
of reader interest. In all of these attempts to learn what readers want, 
results have been generally negative. That is, approximately as 
many do not care for non-technical articles as do. There are very 
positive statements of preference by some individuals on both sides 
of this question. It is hoped that the recent census of biographical 
and professional data will reveal patterns of member interest to guide 
in selecting material for Mechanical Engineering. 


TRANSACTIONS 


During the fiscal year 1934-1935 the Transactions contained 76 
papers, a total of 730 pages; these figures include three issues during 
1935 of the Journal of Applied Mechanics. 

In a memorandum to the Council dated July 2, 1934, it was pointed 
out that with the proposed budget of $18,000 it would be possible to 
publish only 64 papers. The Council, in noting the memorandum, 
expressed the opinion that a minimum of 100 papers per year was 
desirable and put itself on record as wishing to increase the budget 
for Transactions as soon as conditions would permit so that this 
number could be attained. While the figure of 64 papers represented 
a calendar year, the number 76 actually published in the 12 months 
of the fiscal year shows how closely that desired number may be 
realized. 

During the summer of 1935 eight papers on hydraulic subjects, 
whose publication had been postponed because of lack of funds, ap- 
peared in the Transactions. 

Improvement in the Committee’s ability to publish papers resulting 
from meetings is shown in the record of the Cincinnati meeting. 
Hither in Mechanical Engineering or the Transactions 32 of the 38 
papers for which manuscripts recommended by the sponsoring 
groups were received either were published or are shortly to be pub- 
lished. 
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“JoURNAL OF APPLIED MECHANICS” 


Under the auspices of the Applied Mechanics Division, a board of 
editors, headed by John M. Lessells, has been providing material for 
the section of the Transactions known as the Journal of Applied Me- 
chanics. Three issues of the Journal, each of 40 pages, have ap- 
peared. The Journal, which goes to all members of the Society in 
good standing, to all subscribers of the Transactions, and to a small 
list of subscribers to the Journal only, has been departmentalized. 
The departments are: Technical papers; reviews of subject matter 
within the purview of the Division (to date largely sections of the 
Division’s 1934 Progress Report); design data, a section of material 
arranged for the immediate use of designers; book reviews; and dis- 
cussions of papers published in previous issues. 

The wealth of available material pressing for publication has 
proved embarrassing for the editors. At a meeting held in Ann Arbor, 
Mich., in June, it was decided to limit papers to six pages in order 
to make possible the publication of a greater number of papers. 

Sponsors of the Journal are of the opinion that the Journal is dis- 
tributed much more widely than the interest of those who receive it 
in the subject matter of the papers warrants. They would like to see 
the circulation reduced to include only those actually desirous of 
receiving papers of this type. However, a promise was made at the 
1933 Annual Meeting to the members of the Society that every 
member would receive all Transactions papers. This implies that all 
members shall also receive the Journal. The Committee on Publica- 
tions believes that no change in this policy should be made. In 
holding this opinion the Committee has in mind not only the 1933 
pledge, but the belief that applied mechanics is fundamental to most 
mechanical-engineering practice. It feels that the wide distribution 
of all Transactions papers tends to hold the Society’s technical in- 
terests together, and it recognizes that the great number of younger 
members, whose careers are still in the formative stage, are better 
served by ‘‘exposure”’ to a wide range of technical literature than by 
a too early specialization of interest in what may be, for the indi- 
vidual, a temporary connection with a given field of practice. While 
the Committee would welcome the voluntary relinquishment of the 
privilege of receiving the Journal by members who have no use for 
such a publication, it does not wish to be placed in the position of 
requesting members to give up the Journal. Much less would it wish 
to make every member ask to have the Journal sent to him, a request 
that would not be in keeping with the 1933 pledge. 

In order to assist in financing the Journal, its board of editors has 
solicited funds from interested individuals and organizations. A 
summary of contributions is as follows: 


UWmiversities sire ars esetetsersttere eereteis $1000.00 
Companies x. ciatee ls aieleraieteteteveletae lel 379.00 
Individuals caeiei siesta 157.00 

"Total sisncciteeidteretatolsbaccetoodatons eeve $1536.00 


The Committee has no way of estimating how much money can 
be collected from these sources during the coming year. 

The Committee views the Journal as being still in the experimental 
stage, and withholds its comment on the success of the venture. No 
criticism of the quality of the technical papers is implied nor intended 
by this statement, and the Committee wishes to record its deep ap- 
preciation of the enthusiasm and services to the Society of the Ap- 
plied Mechanics Division, the board of editors of the Journal, and 
John M. Lessells, technical editor of the Journal, on whom the burden 
of providing the material and soliciting the funds has fallen. 


Society RecorpD 


Formerly known as the ‘Record and Index,’’ the present Society 
Record has been issued from time to time as a supplement to the 
Transactions. With the February, 1935, issue of Transactions the 
Society Record contained a complete list of the Society’s committee 
personnel and other reference material as of the administration 
year that opened in December, 1934. There was thus provided at the 
earliest practicable moment as complete and up-to-date information 
on the Society’s committees as could be assembled. Heretofore 
these lists have been of historical interest only as they represented, 
not the current committee personnel, but that of the previous year. 

The scheme of issuing the Society Record in supplements to the 
Transactions makes it possible to distribute the information contained 
in the Record as soon as it is available, and also places a more uniform 
load on the editorial staff. The committee personnel, as already ex- 
plained, is published as soon as committee appointments have been 
made; reports of committees are published immediately following 
the end of the fiscal year and before the Annual Meeting; the 
indexes to publications appear as soon as the December issues are 
off the press. Memorial notices of deceased members are issued 
during the summer. 
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MermsersuHip List 


For the first time since 1931 a membership list was published in 
December, 1934. It was distributed as a supplement to Transactions 
for December in order to save postage, and the format was conse- 
quently changed. 

The Committee feels that the effect on the members of the Society 
of resuming publication of the Membership List was distinctly favor- 
able and valuable. It was therefore with extreme regret that the 
Committee noted the vote of the Council at its Cincinnati meeting 
not to publish the Membership List in 1936. It sustains the hope 
that early resumption of the membership list as a regular annual 
publication will be ordered by the Council. 


“MECHANICAL ENGINEERING” 


Plans for the development and improvement of Mechanical Engt- 
neering still await increase in Society income from dues and advertis- 
ing, which will permit additions to an overburdened editorial staff. 
As already noted, the budget for Mechanical Engineering was in- 
creased during the summer, permitting the continuance of an average 
of 67 pages per issue, which otherwise would have been cut ma- 
terially. 

The revenue from advertising this year shows an increase over last 
year’s income. It has been understood that any gain should be 
applied to the publication, and additional funds were made available 
for publications as already noted. The Committee’s financial state- 
ment indicates what has been accomplished. 

The Committee has received from several sources queries on the 
relative proportions of subject matter in Mechanical Engineering. 
This led to an analysis covering about 17 issues which showed the 
following percentages: Technical papers, 54.3 per cent; professional 
matter, 14.7 per cent; general, 15.5 per cent; and departmental, 
15.5 per cent. It also showed the following distribution as to sources 
from which the material was derived: Meetings and Program Com- 
mittee, 29 per cent; Professional Divisions, 26 per cent; Local 
Sections, 11 per cent; Society Committees, 10 per cent; joint activi- 
ties with other societies, 2 per cent; miscellaneous contributions and 
staff articles, including ‘‘Engineering Progress,” 22 per cent. 


SrupEenT BrancH BULLETIN 


For eight months during the school year the Student Branch 
Bulletin, a four-page publication, is distributed with M@ echanical 
Engineering to the 3250 members of the Society’s 112 student 
branches. 

A hopeful experiment with this publication was inaugurated in 
September, 1935. A board of editors made up of junior members in 
the Metropolitan district has taken over the preparation of material 
for this publication. The following, from the initial issue, explains 
the objective: 

“The task of editing the ‘Student Branch Bulletin’ has been 
taken over by a committee of Junior members of the Society partly 
to relieve the publications staff, partly to provide an outlet for the 
energies of younger men, and partly with the hope that the result 
would be a publication more nearly tuned to the needs and desires 
of the student engineer.” 

The Committee wishes to acknowledge its gratitude to this com- 
mittee and to commend the spirit in which the young men have re- 
sponded to the opportunity to serve the Society in building up interest 
among student members. 


MEcHANnIcAL CATALOG 


The 1935-1936 edition of the Mechanical Catalog marks the 
twenty-fifth year of reference service to industry. Improved in 
makeup, the issue for this year has over 10 per cent more pages of 
product descriptions than the preceding edition and a new index 
feature with the title, ‘‘Manufacturers’ List.’? The “‘Classified In- 
dex’’ in the volume has some 4000 product headings, carefully checked 
as to technical nomenclature. 


BIENNIAL Report 


In 1932, under the chairmanship of W. H. Winterrowd, the Com- 
mittee on Publications made an extensive study of its functions and 
problems and presented the results to President Lauer in the form of 
a comprehensive report. Among other recommendations of this 
report it was suggested that a similar report be prepared every two 
years. During the spring of 1935 a new report was prepared and pre- 
sented to the Council at the Cincinnati meeting. At the suggestion 
of President Flanders the report was assigned for study and dis- 
cussion at its October meeting. 


FurtTHEr Stupy oF Pusiications PoLicy 


Following the presentation of the Biennial Report to the Council 
the Committee on Publications continued its study of policies at a 
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meeting on September 6 as a result of more recent developments, 
among which was a suggestion that the A.S.M.H. News, suspended 
January 1, 1933, be resumed in some form. The Committee’s recom- 
mendations were presented to the Council at its October meeting. 


CONCLUSIONS AND RECOMMENDATIONS 


As is true of all Society committees, the work of the Committee on 
Publications has been seriously curtailed during the last few years. 
It wishes to emphasize the following points: 

1 Serious curtailment in funds for publication has had a cumula- 
tive and adverse effect on Society prestige and on membership morale. 
Instances have been cited in annual reports of the committee where 
other agencies have published papers that should be a part of the 
Society’s literature; of committees and divisions that are discouraged 
and dissatisfied because papers and reports considered by them to 
be valuable have not been published by the Society, and of groups 
that have financed their own publications in impermanent form 
with the result that they are quickly lost to future researchers in 
these fields. At the base of most publications problems lies lack of 
funds. 

2 Failure to provide adequate and timely publicity on the So- 
ciety’s activities has resulted in growing disinterest in the Society, 
ignorance and misunderstanding of what is being accomplished, and 
a consequent weakening of the morale of members, committees, and 
divisions. An effective house organ or publicity medium is urgently 
needed. Whether this should be an independent publication, as was 
the A.S.M.E. News, abandoned for reasons of economy a few years 
ago, or a development of the news function of Mechanical Engineering 
depends on other questions of publication policy. It is the opinion 
of the Committee on Publications that the Council should, as soon 
as possible, make provision for an effective and adequate method of 
giving publicity to the Society’s affairs. 

3 The Committee is eager to undertake its long deferred plans 
for developing and improving Mechanical Engineering, and earnestly 
solicits additional funds for this purpose. 

4 Assistance to the Committee’s continued study of its problems 
looking to long-time plans for development and improvement of all 
its publications is solicited. 


Respectfully submitted, 
S. W. Duptey, Chairman 


W. F. Ryan, Vice-Chairman O. B. Scutmr, 2p, Junior Adviser 
S. F. VoorHEES A. J. Dickin 

M. H. Roserts E. B. Norris > Advisory Members 
G. F. BATEMAN E. H. OnLEe 


LOCAL SECTIONS 


The administrative responsibility of the Committee on Local Sec- 
tions includes matters of finance as well as the correlation and general 
direction of Local Sections. It acts in a laison capacity between 
Sections and Council, Professional Divisions, Research and Stand- 
ardization Committees, etc., to promote the interest of all. It directs 
and plans the activities of the Sections and maintains knowledge of 
these activities by rating, by report, and by personal contact whenever 
possible. 


GENERAL CONDITIONS 


Considering the industrial conditions of the country the Local 
Sections may be considered to be in a satisfactory condition, but they 
have suffered both from lack of sufficient funds and from loss of mem- 
bership and leaders. 

There is a certain unrest difficult to explain, partially due to inade- 
quate financing in maintaining desired and planned activities, with a 
consequent lag in interest; partially due to lack of intelligent leader- 
ship or initiative on the part of the Section Executive Committees. 
This, fortunately, is not the case in all Sections. Unrest is fostered by 
lack of knowledge of Society structure, affairs, and purposes. The 
members of the Committee on Local Sections have tried by personal 
contact to advise and educate members in these matters. 

The attendance of Sections Delegates both at Group Conferences, 
and at the Group Delegates’ Conference has been a matter of ex- 
treme concern to the Committee. The attendance has approximated 
60 per cent of that necessary, and nonattendance is due simply to 
inability of members designated as delegates to attend without serious 
financial loss to them under the present expense allotment. This is 
a serious matter to those traveling long distances, and a careful survey 
indicated that, on the average, every dollar supplied by the Society 
was matched by a dollar from the pocket of the delegate. This has 
never been expected nor required, and attendance will not be suffi- 
ciently large to permit these conferences to function properly or to 
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voice adequately the advice, desires, and suggestions of the mem- 
bership unless some method is found to finance completely the 
delegate’s trip. 


Bupger, 1935-1936 


The Committee regrets that the estimate of Society income was 
insufficient to allow the amount it requested and considered the 
minimum necessary for adequate Section operation. Requests for 
additional funds are frequent. This is a continuing indication of the 
insufficiency of funds necessary for constructive operation. Dis- 
satisfaction is expressed as to the disbursement of Society funds and 
is made the excuse for non-payment of dues. 


Group CONFERENCES 


Last fall only 53 out of 71 Sections were represented at the Group 
Conferences. Of these 53, six attended Conferences held in their 
home cities, therefore only 47 delegates actually traveled to attend. 
This was the cause of the low expenditure of delegates’ mileage, not 
a commendable saving. Every section is entitled to representation, 
but that result is secured only when delegates’ expenses are fully 
met. 

The superiority and advantages of these Conferences is increas- 
ingly evident in better developed agenda, and constructive sugges- 
tions to Council. The Committee feels that the work accomplished 
by these Conferences is most essential. 

The Committee approved the following method of electing dele- 
gates: ‘‘That at each Group Conference Meeting in 1935 two dele- 
gates be elected to attend the Delegates’ Meeting in New York in 
December, one delegate to be elected for one year and the other dele- 
gate to be elected for two years; and thereafter one delegate shall 
be elected each year for a term of two years, and be it further pro- 
vided: 

That the Senior Delegate in each Group shall automatically be- 
come Chairman of his Group Conference; and it shall be mandatory 
upon a Local Section to elect such Senior Delegate as its representa- 
tive to the Group Conference. In such instances the Section will be 
entitled to another delegate at the Group Conference.” 


Repistrictine LocaL SECTIONS 


At the suggestion of the Committee on Policies and Budget, the 
Executive Committee of Council requested the Committee on Local 
Sections to make a study of the principle of redistricting Local Sec- 
tions along geographical lines perhaps better suited to the purposes 
and administration of the Society. The Committee made a com- 
plete study of the geographical significance, railroad fares, time of 
travel, and community of Section interest. Careful inquiry was 
made of Sections’ interests and desires, and several tentative group- 
ings were considered and investigated prior to the Sections Delegates’ 
Conference at Cincinnati. 

It was decided from this study by the Committee on Local Sec- 
tions and the Group Delegates that it would be difficult to develop a 
better arrangement than that of the present seven groups. Any 
increase in the number of groups would tend to increase expense, 
correspondence, postage, travel, exchange of information, details of 
operation, delay in obtaining action or approval. These are a few 
of the many factors involved. 


Stupent MEETINGS 


The Student Meetings held in 1934-1935 were unqualified successes 
from the standpoints of interest, college and Section cooperation, 
attendance, and technical papers. It is apparent that the students 
appreciate the attendance at these Conferences of members of Council, 
staff, and standing committees. Fortunately it was possible for 
President Ralph Flanders to attend and address some of the Con- 
ferences. This interest shown by the officers of the Society is most 
impressive to the student. Such contacts are an inspiration to both 
students and members, and will bear fruitful results. The Commit- 
tee wishes it were possible for such contacts to be made a permanent 
policy. 


ScHEDULE AND PLace or GRouP CONFERENCES IN 1935 


Place Tentative date Committeeman to attend 
Group I, Providence October 26-27 Ernest Hartford 
Group II, New York November 1-2 Ernest Hartford 


Group III, Ithaca 
Group IV, Chattanooga 


October 26-27 R. E. W. Harrison 
October 26-27 W. R. Woolrich 


Group V, Columbus October 27-28 D. B. Prentice 
Group VI, St. Louis November 2-3 D. B. Prentice 
Group VII, Spokane November 8-9 W. L. Dudley 


Semi-ANNUAL MEETING IN 1936 
Upon the invitation of E. W. Burbank, Chairman of the North 
Texas Section, Council scheduled the 1936 Semi-Annual Meeting at 
Dallas, Texas, to be held during the third week of June. 


/ 
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TABLE 1 SUMMARIZED LOCAL SECTIONS’ ACTIVITIES 1934-1935 


(Based Upon Estimates Made According to the Scale of Measurements) 
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(a) Service to Membership 
A B Cc D 
Exec. Assist. Aid to 
No. of comm. to Junior Student 
Section meetings meetings Mem. Mem. Total (a) 

Akron-Canton.........+-+- 135 95 95 95 420 
Anthracite Leh. Valley..... 150 100 25 50 325 
TA Glasite feos eta atotaerenes vetenat 150 100 20 100 370 
Baltimore.......5..-:++- pe Rate Roe sed =e 
Birmingham............-- 150 100 50 70 370 
Boston sc cceeeioretere mete es ane we ee ce men ahr 
Bridgeport.......+.--.++--: 75 100 0 50 225 
Buflalo sect nevnroreconapats a2 ahi bd HS. fis aa 
Central Pais. cosmene aa ores sate Rage tee a 
Charlotte......0..sece+--* 38 50 25 0 113 
Chattanooga... .cc.cssss ase ek Bek 4a ae 
CHIGALO ale bei. cis eie ete ion se 150 100 25 25 300 
Cincinnatl’./s.050.0 01 ween 150 100 100 50 400 
Cleveland ..c-/tereisio Yarsllos 150 100 100 100 450 
Colorado. acco eee eos 150 100 100 50 400 
Golumbusy conser se cer. Bon Len $3 oP 
DAVEODs oes, osssiesies a> oor 150 50 0 0 200 
Detroits, «a etewloe ees inie vc 150 100 100 75 425 
1 Dre eto iqenoboctianmien aco 75 100 50 0 225 
Hlorida cuisine eee ocak 120 75 60 100 355 
Green Mt.. 75 25 0 0 100 
Greenvill€ cscs ccm neee so 150 100 20 75 345 
Piartiord stewie siete sree arose 150 75 25 25 275 
ELOUSGCOM ae cclate ica fo aie iencrs > ene mere ahs aire et 
Indianapolis........++.+-++ 90 80 50 80 300 
Inland Empire........-.-. ::: was sen ae uth 
Kansas City. ce sctsiele lets iu 150 100 75 75 400 
Korroxvillesicmisisiseieicieete estes 150 100 20 100 370 
Los Angeles... .0s.000020 150 100 75 50 375 
TOUIB VALS sen ewteiomelelereieeree 150 100 0 75 325 
Memphis.........-+-++++5 aon ate ee ok 
Meriden .)< asin nisi cieiviess oie as a. no a. 
Metropolitan...........-. 150 100 100 80 410 
Mid-Continent........-.-- 150 100 90 55 395 
Milwaukee........2.000+% Sere Be ete tend 
Minnesota......50000s08= SiGe rad 
Nebraska joss sclese s erry = 110 75 30 50 265 
New Britain... ., -icas son 150 100 0 0 250 
Newsblavelecicccctctacicie 150 100 30 100 380 
New Orleans........-.++-+ 150 100 0 75 325 
North Lexaseere cs sciceiel 150 100 25 75 350 
Norwich... 2226s. cs rece ee ob Weir ane 
Ontario. cere eh eerioecre 150 100 50 80 380 
Oregon... cccicskiee ve vests ei fake oon 
Peninsular... 52 cbse ova a Mc ae ys para 
Philadelphia............+. 150 100 85 70 405 
Pittsburgh... ...... 0.0.5 ae ast ann 
Plainfieldieiac.stee riser ite 150 100 50 0 300 
Providence... «6. eens 150 100 75 75 400 
Raleight iciecicte slates Bin coat BAU 75 50 50 325 
Rock River Valley......-- 150 100 50 30 330 
Rochester... sjece0s = ms 150 100 50 50 350 
St. Joseph Valley........-. Wow Saha aie So ete 
Bix LiGuUiss.t. so cise Soles sire Nee ars oe Ate 
San Francisco...........-- 150 100 100 100 450 
Savannah........0-see-- ere aor cake Say ce 
Schenectady............-- 150 100 90 35 375 
Susquehanna...........+-- ota Re Sas Ae 
Syracuse........ececeeees 150 100 0 0 250 
PE Oled Os ieic athe ia ce Orel sys: oie ies ay sas ord aint 
Mri-Citloss 2... sens eerteten 150 100 50 75 375 
Ti bai ee wine's or mararale erinela coe Se ahs ine cary 
MDGEGS : Fe vo eos canepevel ele efhissele cs em aia 
WIPgiNiG.< cx i cote cere oe ca aoe ares 
Washington, D. C......... a gene 
Waterbury. sci cele -ielel= ers ua Siow ee aya Ane 
Western Mass...........-+ 150 100 0 0 250 
Western Wash.........---- a) sat Len praie Bae 
West ViTtiDia. cic enemies aE SAE ane ee Adis 
Worcester.......0--s000-- 150 100 50 50 350 
Youngstown.........2..+-; 150 75 10 0 235 


RuGionat Mzetines, 1935-1936 


The Committee on Local Sections has received an invitation from 
the Buffalo Section to hold a Regional Meeting at Niagara Falls, 
now scheduled tentatively for September, 1936; also an invitation 
from San Francisco to hold a Regional Meeting there in March or 
April, 1936. This will be accomplished by expanding plans for a 
western meeting of the Machine Shop Practice Division to include 
other Divisions. 


MANUAL FOR THE OPERATION OF A SECTION 


The ‘‘Manual for the Operation of a Local Section”’ has been re- 
vised and distributed to officers of Local Sections. 


“ScaLE-oF-MBASUREMENT”’ REVISION 


The method of rating and recording the activities of a Local Section 
as regards its service to the membership, and its service to the Society, 
which has been in use by the Committee since 1933, has proved ex- 
tremely useful both to the Sections themselves in evaluating activities 


(b) Service to Society 


E F G H J K 
Ratio Coop- Func- Section 
Ratio new eration Per- tioning result, 
unpaid Mem.to with formance of in- General points 
total total head- of ividua] Sect. or 
Mem. Mem. quarters delegate Mem. activity Total (b) per cent 
65 20 20 100 65 150 420 840 
32 17 20 120 50 130 369 694 
20 22 20 100 55 150 367 737 
65 20 25 120 60 200 490 860 
50 50 15 50 50 200 415 640 
10 18 10 0 25 50 113 226 
50 20 20 120 50 150 410 710 
60 13 25 120 75 150 443 843 
40 20 25 120 75 160 440 890 
55 22 25 120 50 200 472 872 
40 & 15 ee 25 100 188 388 
100 30 25 120 75 180 530 955 
50 40 25 120 25 100 360 585 
41 23 20 100 60 150 394 749 
78 15 5 75 75 75 323 423 
33 30 20 120 50 125 378 723 
55 21 15 50 50 120 311 586 
40 10 15 96 25 100 286 586 
50 30 25 120 50 110 385 785 
40 28 25 120 70 110 393 763 
100 10 25 120 75 180 510 5 
72 18 20 100 50 175 435 60 
39 i8 23 120 30 180 460 870 
67 13 20 120 50 150 420 815 
70 25 15 100 50 100 360 625 
75 20 25 120 60 175 475 725 
50 30 25 120 65 175 465 845 
62 21 15 120 50 125 393 718 
40 20 20 120 50 105 355 705 
40 12 20 100 50 150 372 752 
55 30 22 118 70 185 480 885 
50 30 25 120 75 130 430 730 
75 15 25 120 75 200 510 910 
80 11 25 120 25 80 341 666 
70 18 25 0 40 200 353 683 
75 50 25 80 75 120 425 775 
65 17 25 120 75 180 482 932 
50 30 25 120 75 135 435 810 
25 18 20 120 20 65 268 518 
50 20 25 120 75 175 465 840 
“20 22 25 “60 50 100 277 527 
“50 22 20 120 75 200 487 837 
60 30 18 80 50 130 368 603 


and personnel, and to the Committee in guiding and planning the work 
for any particular Local Section. 

The ‘‘Scale-of-Measurement”’ has been revised and simplified. Itis 
believed the change has improved its utility, and that it will be of 
more positive value. 


JUNIOR PROGRAM 


The Committee has been vitally interested in the useful participa- 
tion of the Junior Member in the activities of the Local Sections, and 
concerned for his reception by the members of the profession and the 
members of the Society. An intelligent solution for the adequate 
reception and participation of the Junior must be found, and the 
Committee on Local Sections is interested in planning intelligently 
toward this end. 

President D. B. Prentice of Rose Polytechnic Institute, a member 
of the Committee on Local Sections, and Chairman of the Committee 
on Junior Members which cooperates in this work, presented from 
this committee eight recommendations for stimulating and main- 
taining the interest and participation of the Juniors in the Society. 
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TABLE 2 LOCAL SECTIONS VISITED BY MEMBERS OF THE COMMITTEE ON LOCAL SECTIONS, 1934-1935 
; W. L. Dupi5y E. Harrrorp 

Section Chairman R. E. W. Harrison W. R. Wootrice D. B. Prenrice Secretary 
BPRUAAIN Cat Cae ieew Chee KS A hie Met el went WOM MRR te! IN Mad ened Apr. 1935 
BRU OSes als stad we diaalh Seta so eda ale Be RN ol Ne Se em | ne ee | re hore Mar. 1935 
REIN Nite alee LAM Sie PT TN Te entre me CATS toe FO WRIA ees || OPEL Gaaseceh. 9s a bible es Apr. 1935 
WHAanlotteien mri seis Meee Caen cate EEN ed NN cisheisa ts) WADA URO ce0dswc! NU! eaeennion | tegen ee Apr. 1935 
RERALUAN GORE Pesan ra ee eran ee ee Re oe ie ee a | hemes Ue MEE bsekeae th. 9 naddente Mar. 1935 
CAT Oat serra cient on ahare to ee errata Mar. 1935 Mariosh lo MAP eee le) hae dais Sept. 1934 

NONGINNA GIA tite Stat ece e cae nae Oran SUREVOSR Se ee June 1935 June 1935 Mar. & June 1935 
MOlOLAdO eee oe eee eoenio ae nue wena Apr O30 see Anne scotia WR Meetse ea caer ve 9 Sagan Oct. 1934 
BURG hes tae tet eyes on et ae ehs a aco catneRls TOmE  AMIM ES < Ait TUMORS (eed 9 WEE Ueda sSNPs) . oatetleas Apr., 1935 
| Greenville Ret neh rein techie eae ETD wmcintecs Sici<i al wel MD (caitedfocts. oe EB okie | tal die wens Apr. 1935 
MELOUSLOU HOG ee eRe cee RIGREIE CTRL PEN eet Wl) (Cs eediiee ORE “tw. bea Baas Oct. 1934 
BREN CIANAD ONES ee ee Ne ce ee a tiene ap OE MD nak ae WY er Owens (Resident) § bees 
ERIE AACS DITG AE hae SPM Senet ieee NEM Ee ete octet me ee EU Sas Meo, uu OA «hicnesd ae 9 waades. Oct. 1934 
BRUINS 8: OLE Vir er cin en Aer Eyre aaa eT a Me arene pee RP ae Olid danse AAR oseaheeeeh 6 waite e. Oct. 1934 
PRE GOE VAN Ot ot iciete ir ters sie OO Cate Mar. 1935 Mar. 1935 (Resident) Mar. 1935 Mar. 1935 
HSGBRATROLON Mees orto: is hs osiesere ere Cai erotete altel Apron aD) we PR See. Dye Seis ks Oct. 1934 
IE BLYOPOLLAN Ts. s10 Laat ee ef suave Fiske Soa bachelor ole Dec. 1934 Dec. 1934 Dec. 1934 Dec. 1934 (Resident) 
Gd COnTIMOUU te eee ee ee OU | Caches) |) UM bee | dae Oct. 1934 
rae eee te ee he en re MO Nee! Vee oe ee Ow Breed Sept. 1934 
MENTIENEROLA See NTT PAE Ieee) ae eee INP kcal = OL “sth Kee oe) Slee ews Sept. 1934 
Nebraska's sities) on sett sees o's cksrebw Sisebetersneress Mar 1035 Ae 555000 pte Ae Secer Re eam eh | tees eos 
DEORE DMOX A Str ttre nT aa ire A er ee ee Gr cre fe leaden’, | AM chia eeme OR OU ce Oct. 1934 
MCLONRU ey nT eee eat sc on en ee ei nee ocean ORE Siaiiineae te | © 8 8 ees Oct. 1934 
PURINA Taree eee eae NSIS Te hie Le i tN COO WIPMD sede © 0 my teehee wis Apr. 1935 
ES CMPIGOII Re eT ree te eae ety Ne i ew weet lee Saisie Oo Oh (dladaecaedh | ah em beouds Oct. 1934 
MMS ADEE LAN CISC Opis) f005s 5 athon tole (2, oacia:pasecoimorel <uctvbs ADE POSGe (eM focatecs MM Rete Oee) | MB aweestss cs Oct. 1934 
Sivan Meee eee ee ee ee eee Ee Ee RR tee OGY Sdeedey ele 8 Oeg eed: Apr. 1935 
ROA OS pm tete er neriard irk tet entice DR Gs DR eeadecs 9G vemiwesip 9 | 9 Wd@lieace Oct. 1934 
ROCHE iM ee piory seats teresa rduayarsy eth ala diavetaehacsicheiats) wrty A, Resyecestem |) (allaye . eee Poe | ameesoSeys. fe a eecn Conee Apr. 1935 
[ONESTAT Ped 7) 00 B [ak ©. SERRE Pastis totter Oe Maer oe ae Apr. 1935 (Resident). ay) (apc =) Skee Jan. 1935 
RMOSLERNGV) ASH Mei ccc teeters ue feck viele ero (Resident) “Apre19a6 + eee. chan) «gy eae © oe” " Ae ahls Oct. 1934 


Nora: Mr. W. W. Macon attended the Annual Meeting in December, 1934, in New York City. 


!/Their accomplishment is a planning responsibility of which the Com- 
mittee is keenly aware. It appreciates both the work and sugges- 
tions of the Junior Committee and promises its utmost in cooperation. 


CooPpERATION WITH STUDENT BRANCHES 


The Committee recognizes its obligation to Student Members and 
Branches through staff contacts such as were made by its secretary, 
Ernest Hartford in his recent trip. The fine cooperation of the 
Local Sections whose members have arranged for attendance at 
Student Branch Meetings, the attendance of students at Local Sec- 
tions Meetings, and the participation of students in inspection trips 
arranged by Sections all show the spirit of cooperation. Many 
Local Sections offer prizes to win the active interest of undergradu- 
ates. 


Joint Mestines or Locau SECTIONS 


Sections are encouraged to hold joint meetings with the local engi- 
neering organizations and clubs, or sections of other national engi- 
neering societies. Through these joint meetings a community of 
interest is fostered and devéloped. Much of the investigation and 
development of the problem of engineering registration has resulted 
from them. 


OE — 


EMPLOYMENT SERVICE 


The Society undertakes to assist members to secure positions, 
maintaining offices in New York, Chicago, and San Francisco, with 
the cooperation and help of other National Societies. The Local 
\Sections have cooperated to the fullest in extending the service to 
engineers and employers. 


CoopreRATION WitH OrTHer A.S.M.E. Acriyitizs 


During the last few years the Standing and other Committees of 
the Society have felt keenly the need and perceived the necessity for 
cooperation to correlate their efforts and activities, that the greatest 
good might be obtained from their respective efforts. An effort is 
being made to realize this aim. 

In most cases the Local Sections are the outlet for putting into 
effect many of the activities of the various Committees in their 
planned programs and activities. 

1 The work of the Professional Divisions of the Society is invaluable 
to the Local Sections, as they are equipped to supply planned techni- 
cal programs to be presented before Local Sections, or before meet- 
ings sponsored by Professional Divisions and held with the approval 
and cooperation of the Local Sections. Such meetings have been 
successful, but there still remains a large opportunity for the Profes- 
sional Divisions to submit developed programs of a strictly technical 
nature which can be utilized in planning for comprehensive Sections 
programs. 

This procedure was suggested to the Professional Divisions by the 
Advisory Board on Technology on January 12, 1935. Such programs 
when submitted will be distributed to those Sections within whose 
sphere of interest the subjects lie. 


= 


He died on January 1, 1935. 


INVENTORY AND PLANNING 


Local Sections are encouraged to devote some of their meetings to 
the branches of industry dominant in their locality, and to matters of 
public interest where the mechanical-engineering profession can make 
a contribution. 

A most effective way in which the members of the Society can at- 
tack the problems confronting them is by adopting a program for 
Section activities in which those well-informed persons available to 
a Section may analyze the problem, thus providing suitable papers for 
discussion. 

The Committee offers some thirty topics for which qualified speak- 
ers are available. These topics are intended to supplement pro- 
grams of the Divisions and include such general topics as ‘‘American 
Manufacturing Technique in Competition With the World,” “Engi- 
neering Functions in a War-Time Procurement Program,” ‘‘The 
Effect of the Business Cycle on Engineering Activity,’ ‘‘Rail- 
roads From the Lay Engineers’ Viewpoint,’”’ ‘Competition Between 
Industries,’”’ and many others of a similar trend. 

The Committee has, after considerable study, outlined and put 
into action a planned program for the Local Sections. This planning 
is an effort to chart the course of the activities related to Local Sec- 
tions and includes the following items: 

Junior program and Section program; 
Group conferences; membership development; Section policies; 
employment; joint relationships; field offices; cooperation with 
engineering faculties; representation on A.S.M.E. Council by geo- 
graphical groups of Sections; services and development program for 
personnel; work of Engineers Council for Professional Develop- 
ment; cooperation with American Engineering Council; Student 
Branches; Meetings and Program; Professional Divisions; local 
engineering societies; registration of engineers; and legislation affect- 
ing engineers activities. 

This program is to be fully developed in the Group, Annual, and 
Semi-Annual Meetings by the delegates, and put into effect by 
them. 

The chairmen and executive committees of all Local Sections have 
had submitted to them a preamble of objectives for Local Section 
development to be supported by (a) The work of inventory; (6) 
Evolving a planning procedure; (c) The execution or realization of 
this plan into a working program. 

The planning procedure and the hoped-for execution has been 
outlined above. The work of inventory is a careful summation of the 
possibilities inherent in the local Section that can be intelligently 
utilized, each possibility to be developed by a committee of the Sec- 
tion. This hasa multiple purpose. It is to acquaint the members by 
Committee service of the functions of their Section, and their applica- 
tion to Society and public service. This in itself provides an activity 
of extreme importance to the members, the Section, and the Society 
and gives a knowledge of the work upon which the Society is engaged. 


Section administration; 


Loca Sections PapErs 


The Advisory Board on Technology states that worth-while papers 
presented at meetings of Local Sections will continue to receive 
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TABLE 3 MEMBERSHIP LOCAL SECTIONS, APRIL 1, 1935 


Members 


Total membership in good Meetings 


Section Apr. 1,’35 Oct. 1, 34 standing 1934-35 
Akron-Canton......+++++++ 119 108 80 3 
Anthracite Leh. Valley..... 201 205 133 3 
Atlanta ic eeiisacstser = =-aieusls 78 70 47 2 
Baltimore.......00++-++00% 164 158 118 7 

55 51 45 3 
551 501 394 5 
Bridgeport.....-.-+++-+++5 105 107 86 2 
Buflalow mcansieleoeereisiel tela 166 162 121 3 
Central Paynes e cen nee * 61 51 47 1 
GHarlottercesne cere stereos 33 23 18 | 
18 14 13 1 
711 639 509 3 
193 199 151 5 
255 238 178 14 
94 84 71 7 
75 79 60 5 
63 73 45 3 
388 356 282 4 
48 51 35 1 
76 55 54 3 
: 37 37 28 il 
Greenville........++2+-++> 44 26 28 1 
Plartlord weenie sul 111 101 85 4 
Houston......-.eceeeeeees 113 112 74 2 
Indianapolis........+++++> 105 115 73 1 
Inland Empire........-++: 16 21 10 8 
Kansas City.....-.+--+0+> 111 89 75 C 
Kno xvillennctjes/<' e's ol-st oer 49 39 34 1 
Los Angeles.......+++++e5 297 318 248 10 
TLouisville........0++sss+es 35 34 24 4 
Memphis........-+--++-+> 24 28 15 0 
WMeriGemer soccer Gicielsle/at-16 25 25 14 1 
Metropolitan........+++++: 3,707 3,459 2,518 26* 
Mid-Continent.........-+-- 138 148 91 3 
Milwaukee........--+-+++5 173 196 151 5 
Minnesota.......++-+++ees 96 92 63 3 
Nebraska.......--.--e+2s0- 54 32 44 4 
New Britain........---++- 47 35 24 vf 
New Haven.....-..+-++e05 86 88 54 3 
New Orleans......---++e++: 93 83 75 6 
North Texas......+.2+-.+- 54 50 38 2 
INOLWiGhiees ose ee eles ses 38 30 26 3 
Ontarioc, pepioee a eeeeoe 82 86 58 3 
Oregons siscrcleeme tee bain 53 52 27 1 
Peninsula. ac... esses ses 42 50 30 1 
Philadelphia..........--+: 884 771 636 7 
Pittsburgh's views ow «tus wuersn 395 3865 294 4 
Plainfield occ. 30 04(- ieee n= 211 217 148 4 
Providence........+++-+++++ 159 134 124 wl 
alee hvac neces araletoroketolett 20 31 aly 3 
Rock River Valley.......-- 49 43 32 9 
Rochester. ....-0.0+0.+ vere 98 99 69 5 
St. Joseph Valley........-- 32 35 21 1 
SG LOUIE oMUN eas eons ietenees 194 213 127 2 
San Francisco........+++++ 337 337 244 6 
Savannah.....c.s.es ences’ 16 15 13 1 
Schenectady.......+++-+-> 167 173 121 19 
Susquehanna.......-+.++-- 66 67 50 1 
Syracuse.....-+-seeeeeeees 99 115 62 4 
OOO nea tsarcle’s «ete elviniegsters 57 58 34 a) 
Pris Cues) ies nandew eve ens 65 62 48 4 
(Uitahite nace pales taeeiietetstents 27 26 21 4 
White noongceseenbotcuseen 14 26 8 0 
Wate ahr joere e eOSEpIOD can Oc 124 126 96 0 
Washington, D. C.........- 194 162 149 6 
Waterbury....:csne nesses 81 72 63 3 
Western Mass......-..-+-- 98 95 60 4 
Western Wash.........-+--- 87 77 54 6 
West Virginia..........+-- 64 61 47 0 
Worcester......-..2+2e20+5 148 138 111 8 
Youngstown.......-+++++: 49 67 42 4 
12,819 12,155 9,085 301 


Membership in Society, April 1, 1935, 14,650 
Membership in Sections, April 1, 1935, 12,819 
Membership in Society, October 1, 1934, 14,227 
Membership in Sections, October 1, 1934, 12,155 


* In addition to 64 separate Junior activities. 


special consideration by the Committee on Publications, and the Edi- 
tor of ‘Mechanical Engineering.” 


Mipwest OFrrice 


The Committee on Local Sections is glad to express the apprecia- 
tion of the Sections and Student Branches in the Midwest of the fact 
that Council has continued the Midwest Office. Many activities and 
members have found the services of that office of value. 


Dratu or W. W. Macon 


Last January Mr. Macon, whose years of effort in behalf of the 
Society had culminated in his service on the Committee on Local 
Sections, passed away suddenly and unexpectedly. Your Com- 
mittee expresses its deepest regret at his loss which it and the Society 
feel very keenly. All will miss his analytical ability and kindly 
humor, both given so freely in the service of the Society. 


TRANSACTIONS OF THE AMERICAN SO 


CIETY OF MECHANICAL ENGINEERS 


In CoNCLUSION 


Your Committee expresses its gratitude to the many sincere and 
conscientious officers and executive committees of the Local Sections 
in the many centers of the country for their generous cooperation, 
and also to the officers, staff, and Council of the Society, together 
with the Standing Committees for their help in, and their sym- 
pathetic understanding of, the many problems with which the mem- 
bership is confronted. 


Respectfully submitted, 


W. R. WootricH 
D. B. PRENTICE 


Wituiam Lyris Duprey, Chairman 
R. E. W. Harrison 


PROFESSIONAL DIVISIONS 


The Professional Divisions have had a successful year during 1934- 
1935. The outstanding accomplishment was the publication quar- 
terly of the Journal of Applied Mechanics and the financial contribu- 
tions secured by that Division from outside sources to increase the 
number of technical papers to be published. 

During the year five national division meetings were successfully 
held by the following Divisions: Oil and Gas Power, May, Tulsa; 
Applied Mechanics, June, Ann Arbor; Graphic Arts, June, Cincin- 
nati; Machine Shop Practice, September, Cleveland; Aeronautic, 
October, St. Louis. In addition the Textile Division assisted the 
Greenville, S. G., Section in holding a Southern textile meeting. [he 
programs of these meetings were effectively organized with the close 
cooperation of the Sections and the Divisions. For the Aeronautic 
meeting special credit is due to the St. Louis Section for arranging 
preprints of the meeting papers in pamphlet form. 

The Professional Divisions were particularly active during the 
year in organizing large technical programs for the Semi-Annual and 
1935 Annual Meetings. There was a noticeable improvement in 
cooperative activities between the Divisions, more sessions having 
been jointly organized. At the 1934 Annual Meeting the Standing 
Committee successfully arranged the presentation of a joint progress 
report of the power divisions. This was presented at the close of 
one of the power sessions by C. F. Hirshfeld, who was assisted in the 
preparation of his report by the following Divisions: Fuels, Hydrau- 
lic, Oil and Gas Power, and Steam Power. It is planned to increase 
this type of cooperation. 

An effort was made by the Divisions during the year to assist the 
Local Sections in securing speakers for local meetings. The Railroad 
Division took the lead in this line of endeavor by organizing a special 
committee whose members were well distributed over the country — 
and by notifying the Sections that these members were available as _ 
speakers for local railroad meetings. The Management Division was ~ 
also active in assisting in coordinating local management meetings, | 
particularly in New York and Boston. The Machine Shop Practice | 
Division encouraged the Sections to hold meetings on the subjects of 
welding and casting. : 


Division ACTIVITIES 


Aeronautic Division. The Aeronautic Division held its National 
Meeting in October at St. Louis, Mo., under the auspices of the St. 
Louis Section. Over thirty-five papers were presented at the meeting 
and they were published by the Section in a photo-offset pamphlet, 
which was sold for $1.50. The Spirit of St. Louis Medal was awarded 
posthumously at the meeting to Will Rogers for his splendid work in 
advancing aeronautics. 

Other activities consisted of holding a session at both the Semi- 
Annual and the 1935 Annual Meetings and in assisting several Local 
Sections in holding local aeronautic meetings. The Division has a 
special Subcommittee on Industrial Aerodynamics and is actively 
assisting both the A.S.M.E. Committee on Aircraft Safety and In- 
spection and the Aviation Committee of the American Engineering 
Council. 

Applied Mechanics Division. The Applied Mechanics Division 
held its National Meeting on June 18 and 19 at the University of 
Michigan, Ann Arbor, Mich., under the auspices of the Detroit Sec- 
tion. Thirteen papers were presented at the meeting. The Divi- 
sion is sponsoring or participating in sessions at the 1935 Annual 
Meeting. It has six special subcommittees: elasticity, strength 
of materials, plasticity, dynamics, mechanics of liquids and gases, and 
thermodynamics. 

This year saw the publication of the Journal of Applied Mechanics 
as a separate quarterly under the auspices of the Society. The Divi- 
sion secured nearly $2000 in special donations to assist in publishing 
more technical papers. This, however, does not as yet take care of 
the quantity of valuable papers that are presented, and the Division 


' The Pure Air Committee has continued its activities. 


; 


Machine Shop Practice Division. 


; 
i 
| 
; i 
: 


; Committee of the Management Division. 
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has recommended that the Journal be sent only to those members 
requesting it so as to conserve funds for publication of additional ma- 
terial. 

The Division is also undertaking a study of symbols and abbrevia- 
tions used in applied mechanics, in cooperation with other interested 
groups, as a preliminary step in the preparation of a list which will be 
epee to a majority and form the basis of a recommended stand- 
ard. 

Fuels Division. The Fuels Division arranged two sessions at the 
Semi-Annual Meeting and two sessions at the 1935 Annual Meeting. 
During the year the Special Subcommittee on Fly-Ash and Cinders 
f continued its survey to secure data that industry had accumulated. 
The Fuels 
Division is also cooperating with the A.I.M.E. in the work of the 
Committee on Fuel Values. This Committee has three special sub- 
committees on effect of ash on Btu, effect of fusion temperature 
of ash on fuel value, effect of sulphur with special reference to corro- 
sive effect. 

Graphic Arts Division. The Graphic Arts Division is the new 
name adopted this year for the former Printing Industries Division. 


. The Division held its National Meeting as part of the Semi-Annual 


Meeting. Ten papers and lectures were presented at the National 
) Meeting, which was held jointly with the Graphic Arts Research Bu- 
reau. The Bureau was organized at the Division’s National Meet- 
ing in Philadelphia in October, 1934. The object of the Bureau is to 
/ coordinate, stimulate, and sponsor research in the Graphic Arts field. 
The Bureau at its Cincinnati meeting voted to request affiliation with 
the Society. Membership in the Bureau consists of about 400 indi- 
vidual members and three affiliated organizations. The Bureau and 
) the Division are planning a National Meeting to be held in Wash- 


- \ington, D. C., in March or April, 1936. 


Hydraulic Division. The Hydraulic Division held a- session on 
Hydraulic Turbine developments at the Semi-Annual Meeting in 
Cincinnati. At the 1935 annual meeting, two sessions will be de- 
voted to the study of Cavitation and have been arranged in coopera- 
tion with the Power Division of the A.S.C.E. and the Applied Me- 
chanics Division of the A.S.M.E. 

The Division is continuing the activities of the Water Hammer 
Committee and has secured the cooperation of many prominent 
engineers in other societies and in various foreign countries. Plans 
are being completed for a second symposium on Water Hammer in 
December, 1936. 

Iron and Steel Division. The Iron and Steel Division held one 

session at the Semi-Annual Meeting and two sessions at the 1935 
Annual Meeting, one of which was held jointly with the Applied Me- 
chanics Division. 
The Machine Shop Practice 
Division held four sessions and cooperated with the Railroad Division 
in a fifth at the Semi-Annual Meeting. For the 1935 Annual Meet- 
ing two sessions are planned and a joint luncheon with the Job Shop 
The Division also co- 
operated in the Machine-Tool Congress held in Cleveland, Ohio, and 
jointly with the Cleveland Section, held two evening meetings on 
September 10 and 11. At the beginning of the year the Lubrication 
Engineering Subcommittee of the Petroleum Division was transferred 
to the Machine Shop Practice Division and reorganized. Other 
subcommittees are: foundry, welding, and machine design. The 
Division also has liaison connection with the Research Committee on 
Cutting Metals, Cutting Oils, and Gears. The Foundry Committee 
together with the Birmingham Local Section and the American 
Foundrymen’s Association held a two-day meeting on February 28, 
and March 1, 1935. Several Local Sections held meetings on the 
subjects of welding and casting as a result of the Division’s sugges- 
tions and cooperation. These meetings were well attended and 
created considerable interest. 

Management Division. The Management Division sponsored 
three sessions at the Semi-Annual Meeting and is sponsoring four 
sessions at the Annual Meeting as well as cooperating in a luncheon 
and one other session. The Division has started work on a Supple- 
ment to the Bibliography of Management Literature to cover litera- 
) ture published from January, 1931, to date. 

The Management Division assisted the National Management 
} Council in securing papers for the Sixth International Congress for 
Scientific Management held in London, England, during July, 1935, 
and on behalf of the National Management Council planned and or- 


_ ganized a series of nine joint meetings to be held in the N ew York 
Metropolitan area during 1935-1936 in which local sections of ten 
- societies and associations interested in managerial affairs will partici- 
pate. 
During the past year the Waste Elimination Committee has been 
active in sponsoring sessions at the Semi-Annual and Annual Meet- 
ing. 
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The Job Shop Management Committee is to hold a joint meeting 
with the Machine Shop Practice Division at the coming Annual 
Meeting and it has developed considerable interest in Job Shop Man- 
agement problems by sending out several questionnaires during the 
year. 

The Marketing Committee has undertaken a national survey to 
determine the present status of marketing research in industry and 
has also in the course of preparation a Bibliography of Literature on 
Marketing Research. 

The Division has the following subcommittees: Economics, hu- 
man relations, job shop management, management research, market- 
ing, quality control, time and motion study, waste elimination, and 
statistics in industry. It has representation in the National Manage- 
ment Council. 

Materials Handling Division. The Materials Handling Division 
was active this year for the first time in several years and sponsored 
three sessions at the Semi-Annual Meeting in Cincinnati. 

Oil and Gas Power Division. The Oil and Gas Power Division held 
its Eighth National Meeting on May 8 to 11, 1935, in Tulsa, Okla., 
in cooperation with the Mid-Continent Section. There were pre- 
sented nine technical papers which were preprinted in the Oil and Gas 
Journal and Diesel Power. The division will have a session at the 
1935 Annual Meeting. 

The special Subcommittee on Oil-Engine Cost will present its 
seventh yearly report at the 1935 Annual Meeting. This report for 
the year 1934 covers over one hundred and fifty plants. The report 
is available in pamphlet form and may be purchased from the Society. 

Petroleum Division. The Petroleum Division is holding a session 
at the 1935 Annual Meeting. The subcommittees were active in the 
Mid-Continent area and a series of local meetings was held in Tulsa. 
The Subcommittee on Lubrication Engineering was transferred this 
year from the Petroleum Division to the Machine Shop Practice Divi- 
sion. The Division is planning a national meeting next year to be 
held at the time of the Petroleum Exposition in Tulsa, Okla., in 
May, 1936. 

Power Division. The Power Division held two sessions at the 
Semi-Annual Meeting and has planned three sessions at the 1935 
Annual Meeting besides a cooperative session with the Applied Me- 
chanics Division. The Industrial power group has planned to hold, 
at the 1935 Annual Meeting, its usual Wednesday luncheon confer- 
ence. Among the special research committees in the power field the 
Boiler Feedwater and Steam Research committees are planning to 
hold sessions at the 1935 Annual Meeting. 

Process Division. The Process Industries Division continued its 
active role during its second year. At the Annual Meeting the Sub- 
committee on Sugar will hold a session, its Subcommittee on Heat 
Transfer will hold two sessions on radiant heat and cooperate in a 
third session. The Subcommittee on Drying presented at the Semi- 
Annual Meeting its reeommended practice on Testing Drying Equip- 
ment and is sponsoring a session on Dust Separation at the 1935 
Annual Meeting. The Air Conditioning Subcommittee held a 
Metropolitan Section meeting in October. The Heat Transfer Com- 
mittee has issued in pamphlet form the previous papers presented at 
its sessions. The Division has developed relations with the American 
Institute of Chemical Engineers and the American Ceramic Society 
both of which have appointed liaison representatives. 

Railroad Division. The Railroad Division held a joint session with 
the Machine Shop Practice Division at the Cincinnati Semi-Annual 
Meeting and has planned to hold at the 1935 Annual Meeting two 
sessions, including a symposium on Railroad Lubrication. Besides 
this the Division will hold a joint session with the Applied Mechanics 
Division. During the year the Division organized in order to assist 
certain Local Sections that might appropriately hold local railroad 
meetings. 

Textile Division. The Textile Division plans to hold its session at 
the 1935 Annual Meeting in cooperation with the Graphic Arts and 
the Management Divisions. There will also be the usual luncheon 
conference after the Annual Meeting session. The Division assisted 
the Greenville Section of the Society in holding a meeting there on 
April 10 during the Southern Textile Exposition. This meeting was 
to have been held in October, 1934, but was postponed until the spring 
of 1935. 

Wood Industries Division. The Wood Industries Division held a 
two-session symposium on Wood Housing at the Cincinnati Semi- 
Annual Meeting. The Division is holding a session at the 1935 An- 
nual Meeting on Modern Timber Construction, 


Respectfully submitted, 


W. A. SHoupy, Chairman 
K. H. Conpitr 
G. B. Pearam 


Crossy Firn.tp 
L. K. Sintcox 
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MEMBERSHIP 


The Committee on Membership submits the following statistical 
report covering the recommendations of the Committee to Council 
during the fiscal year October 1, 1934, to October 1, 1935: 


REPORT 
The Committee on Membership held twelve regular monthly meet- 
ings during the fiscal year 1934-1935. 
The following are the applications considered in the transaction of 
its work and a summary showing the action taken: 


Applications pending October 1, 1934.. 137 
Special cases before Council............-- 57 
Applications received during fiscal year 1934-1935...... 2206 

Total applications handled during the year 1934-1935... 2400 


Recommended for membership... 
Transfers denied..........--.-. 


The 2222 recommended for membership were divided into the 
following grades: 


IW Eiilood Cee pean on oraedo Tomko b Some oleh obs tha clans abc 104 
Transfers to Member..........:- 200s ene ee cece retennee 89 
Transfers from Student Member to Member..........---- 1 
TR BSOGIACED | cis colors im nrelatenn chee aes ieee Ge ngelea s) sighs Rha oursnle ae ar nea 3. 
Masociates MLeMDeLSe «6 siec ce sterera ele iowa el elerste (eyelet cer easels 79 
Transfers to Associate-Member.......--.-.-+..+++25 Ain 107 
Transfers from Student Member to Associate-Member..... 2 
Rit ted Bae nae Ma on fod SpE TOU min aOn eG sens cic 165 
Transfers from Student Associate to Junior.....-.....+.-+ 76 
Transfers from Student Member to Junior..........-.-.... 1596 
Total recommended...s.06<- 6s 20 eee ieee ne oe ps eininis 2222 
THaMAlOle sc peas eet see oh iat ce lh nels. «ales Pea gne)akeere pace nev 196 
Total new members recommended...........++++++-+55 2026 


During the fiscal year 1934-1935 the Committee on Membership 
made the following recommendations: 


Transfers from Student Member to Junior declared void... 735 
Elections to other grades declared void.............+-+-+ 28 
Total elections declared void.........-...-+.2+s+ee000e 763 


During the year closing, the Committee has devoted a portion of 
several meetings in addition to special meetings to joint discussion 
with the Secretary and also representatives of other Committees in- 
terested in effecting the proposed changes in the Constitution and 
By-Laws! pertaining to Membership, as the Amendments now ap- 
pear on page 532 of the August, 1935, issue of Mechanical Engineering. 

Certain changes in the By-Laws have been suggested by the Mem- 
bership Committee, including the recommendation that the title of 
the Standing Committee on Membership be changed to the Stand- 
ing Committee on Admissions. 

A canvass of all Local Sections was initiated through a letter of 
April 5, 1935, from the chairman of the Committee on Membership to 
the chairmen of the Local Sections, requesting a report from the 
Executive Committees stating whether or not they wish, in the future, 
to receive a copy of the professional record of every applicant for 
membership within their respective territories. 

The following response resulted: Thirteen replies were received in 
which four wish full copy of record, and nine wish only special cases 
referred to them, 

A new reference form for new members and transfers has been 
adopted. 

The committee now has under consideration the policies which 
will govern the effective administration of its work of passing on 
applications not only for the proposed grade of Fellow but for all 
other grades in order to maintain the highest standard obtainable. 


Respectfully submitted, 


H. A. Larpner, Chairman 
R. H. McLain 
C, L, Davipson 


L. R. Forp 

F. C. SppnceR 

O. E. Goutpscumipt, Advisory 
Member 


CONSTITUTION AND BY-LAWS 


For some little time it has been appreciated that there should be 
somewhat more uniformity in the admission requirements for the 


1 See Report of the Committee on Constitution and By-Laws, page 8. 
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several grades in the national engineering societies and recommenda- 
tions have been made from time to time that our Society and others 
should add the grade of Fellow to give recognition to the senior engi- 
neers who have achieved distinction in the engineering field. 

To meet these needs the Committees on Policies and Budget, and 
Membership, at the request of Council, submitted to the Committee 
on Constitution and By-Laws a draft of suggested amendments along 
these lines, which amendments as revised were submitted to the 
membership in the usual printed ballot form in August, 1935, for 
vote to be announced at the Annual Meeting in December. 

The new articles of the Constitution divide the membership into 
two groups, the first, including all of the voting members, is to be en- 
titled the ‘“‘Corporate Membership” which consists of the new grade 
of Fellows, the Members, and the Junior Members. The second 
group will also include three grades, namely, Honorary Members, 
Associates, and Student Members. 

The requirements for Fellow are such as to insure that the grade 
shall have the proper distinction. It is not necessary that one should 
be able to meet the full requirements if exceptionally qualified because 
provision has been added that the Council may, by unanimous vote, 
elect a Fellow who has distinguished scientific attainments. In order 
to form the nucleus of Fellow a temporary provision permits any past 
or present member of Council to apply for the grade of Fellow and if 
properly qualified to become a Fellow automatically. This section 
was a controversial one but in the form submitted to the membership 
is thought to be in accord with the wishes of the membership at large. 
The Associate Members have been advanced to the grade of Member 
if over thirty years of age and will be automatically advanced upon 
reaching that age so that in a few years the present grade of Associate 
Member will be abolished. 

The new amendments to the By-Laws which have been reviewed 
and proposed for approval by the Council include a change in the 
title and duties of the Standing Committee on Membership and in a 
rewording of Paragraph 3 of Article B14 providing that the income 
from initiation fees shall not be used for current expenses but shall 
be added to the surplus at the close of each fiscal year. This change 
makes no real alteration in the method of handling funds but does 
simplify the bookkeeping and will aid the auditors in their annual 
report. 

Respectfully submitted, 


Wn. H. KavanauGH 
R. D. Brizzovara 
G. N. Coun, Junior Adviser 


H. H. Sneuuine, Chairman 
Ricwarp KutTzLes, JR. 
Hersert B. Lewis 


RELATIONS WITH COLLEGES 


The past year was notable in the history of the Committee because 
of the fact that it saw the completion of the new plan and of chang- 
ing from the old system of operating Student Branches to the new. 
This was accomplished through the introduction of the plan in the 
early part of, the college year when a visit was made by a representa- 
tive of the Committee to each of the colleges which comprise Groups 
VI and VII. 

Naturally the number of members in Student Branches enrolled 
under the new plan increased considerably and reached a total 
membership of 3250. This further development of the plan was 
sufficient to encourage the presentation at the Semi-Annual Meeting, 
Cincinnati, of an amendment to the Constitution of the Society pro- 
viding for the grade of Student Member, and also to suspend the 
initiation fee of these Student Members who transfer to the grade of 
Junior within a limited time after graduation. In the 112 colleges a 
total of 336 meetings were held. 

The economic conditions of the country, while improved, have not 


TABLE 1 COMPARISON OF BRANCH ACTIVITIES BY GROUPS 

Avg Avg 
No. of no. meetings attendance 

Group branches per branch per meeting 
I 15 7 42 
II 18 4 41 
Ill 51 8 37 
IV 16 5 39 
Vv 17 6 54 
vI 15 6 36 
VII 15 5 24 
Puerto Rico 1 - _ 


created a sufficient demand for recent graduate engineers to show 
any marked increase in the number of Student Members transferred 
to the grade of Junior upon graduation. Of 1318 Student Members 
graduated with the class of 1934, 530 completed their transfer to 
Junior membership by the payment of the initiation fee. The loss of 
the remaining 800 can be accounted for largely because of the eco- 


} 


i 
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SOCIETY RECORDS 


TABLE 2 GROUP MEETINGS, 1935 
Group I, New Enauanp Stupent Meerrine, CamBripan, Mass. 


: ays Attendance: 175 Papers presented: 11 
Prize Recipient Title of Paper 
Virst H. T. Sawyer Development and Investigation of an Indicator for High-Speed Engines 
Second R. F. Hopkins Effect of Transverse Slots and Holes on the Torsional Properties of Shafting 
Third H. B. Kimball Problems in Miniature Design 
Fourth W. R. Steur Water Channel Method of Flow Visualization 
Groovr II, Eastern Srupent Mentine, New York, IN EOYs 
Attendance: 225 Papers presented: 10 
First Benjamin O. Delaney Engine Indicators 
Second John A. Sauer A New Apparatus for Testing Materials in Combined Bending and Torsion 
Third Alan S. Compton Maintenance Welding 
' Fourth John R. Blizard Air Resistance of Tube Bundles 
Grovp III, AtLecuentes SrupeNT Muerine, State Couuecs, Pa. 
Attendance: 175 Papers presented: 10 
First Philip 8. Criblet The Precipitation of Dust From Flue Gases 
Second R. L. Homsher Governing Hydraulic Turbines for Best Efficiency 
Third Wm. Leavenworth The What and Why of a Whirling Arm 
Fourth J. J. Prendergast Tests on a Streamlined Power Craft 
Grovp IV, Sournern Sruppnr Mentine, Knoxyitie, TENN. 
Attendance: 180 Papers presented: 13 
First A. C. Todd Economic Aspects of Stream Lining for Automobiles 
Second H. B. Edwards Uses of Glass in Mechanical Engineering 
) Third Luke R. Hadnot A Dryer for the Artificial Dehydration of Forage Crops 
Fourth John R. Kilgore A New Kind of Mirror 
Group V, Mipwest Srupenr Muerine, Curcago, Iu. 
Attendance: 210 Papers presented: 15 
First Edw. J. Wellauer A Mathematical Determination of the Contact Length of Helical and Herring- 
bone Gearing 
Second LHinar W. Jensen Stresses in an Automobile Engine Crankshaft 
Third Janus DeHamer The Development of a Test for Set in Split-Bamboo Fishing Rods 
Fourth Walter Schlagel Employment Conditions Among Recent Engineering Graduates 
} Group VI, Norraern Unit Stupent Meerina, Lincoun, Nu. 
Attendance: 75 Papers presented: 9 
First E. D. Beachler Diesel Boilers 
Second Harold Grasse Artistic Industrial Design 
Third H.C. Bates A Study of Causes of Failures of Tubes in Refinery Cracking Stills 
Fourth H. E. Simonson The Regenerative Vapor Cycle 
Group VI, Sournprn Unit Stupenr Muerina, Dauuas, TExas 
Attendance: 116 Papers presented: 13 
First Glenn W. King Combining Motion Study and Machine Design for Efficient Production 
Second Saviour Perrone Steam Jet Vacuum Refrigeration 
Third Alex W. Francis Some Aspects of Increasing Ultimate Recovery of Crude Oil From Natural Reservoirs 
Fourth W. C. Rodgers Application of Refrigerating Cycle to the Heating and Cooling of Buildings 
Group VII, Norrawesst Stupent Menrinea, SHaTrTLE, WasH. 
Attendance: 110 Papers presented: 10 
First Robt. E. Laughlin The Diesel Field 
Second James Kratzer The Photoelectric Cell 
Third Robert D. Watt Design of a Universal Air Conditioner 
Fourth Edward Wegman Air Conditioning at High Altitudes 
Group VII, Cenrrat Unit Srupent Meerine, BoutpER, CoLtorapo 
Attendance: 95 Papers presented: 7 
First Carl L. Ritter Cooling of Boulder Dam 
Second Thomas R. Mackay San Gabriel River Flood Control 
Third Alvin Welton Brake Equipment on Modern High-Speed Trains 
Fourth Harry L. Hoffman Discussion of Flotation 
Group VII, SournwEstHrN Stupant Menrine, BERKELEY, Cautr. 
Attendance: 106 Papers presented: 17 
First Bradley H. Young Design of Oleo-Pneumatic Shock Absorbers for Aircraft 
| Second Byron Masterson Spot Welding in Thin Sheet Structures 
Third A. L. Buonaccorsi Seismogram Wave Analysis 
Fourth Clyde C. Chivens The Pump-Testing Laboratory of the Metropolitan Water District of Southern 
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College 
Rensselaer Poly. Inst. 
Brown University 
Mass. Inst. of Tech. 
Worcester Poly. Inst. 


Princeton Univ. 
Rutgers Univ. 

Drexel Inst. 

Poly. Inst. of Brooklyn 


Johns Hopkins Univ. 

Penn State College 

Univ. of Akron 

Case School of Applied Science 


Georgia School of Tech. 
Univ. of Virginia 
Louisiana State University 
Vanderbilt Univ. 


Marquette University 

Univ. of Iowa 

Mich. College of Mining & Tech. 
Towa State College 


University of Nebraska 
Univ. of Kansas 

Kansas State Agri. College 
Univ. of Nebraska 


Rice Institute 

Univ. of Texas 

Univ. of Oklahoma 
Texas A. & M. College 


Univ. of Washington 
Wash. State College 
Univ. of Washington 
Montana State College 


Colorado State College 
University of Utah 
Colorado State College 
Univ. of Colorado 


California Inst. of Technology 
University of California 
Santa Clara Univ. 


California Inst. of Tech. 


) 


nomic conditions which made it impossible for them to obtain engi- 
neering employment or perhaps any employment. 

Another important development during the past year was the 
extension of Student Meetings from five in number to ten, made 
necessary by the addition of Groups VI and VII. The geographical 
area covered by these Groups is so enormous that it is impractical to 
schedule a single meeting for each Group with the expectation of any 
reasonable attendance from all of the colleges within the Group area. 
Therefore, the Committee deemed it wise to arrange two meetings 
for Group VI and three meetings for Group VII. The other Groups 
comprise practically all colleges east of the Mississippi and have but 

\ one meeting for all colleges in each Group. 

Only twice in the history of the Student Branches has any Branch 
‘been discontinued. Last year the University of South Dakota dis- 
' continued its course in mechanical engineering, and this year upon 
‘request of the Student Branch at Harvard University it was dis- 
continued. One new Student Branch was authorized at the North- 
‘western University, Evanston, Illinois. 

The Committee is pleased to report that it was able to authorize 
‘five loans to Student Members from the Max Toltz Fund amounting 
‘to $850, thus enabling these students to continue their engineering 
studies. 

Eugene W. O’Brien resigned from the Committee but was per- 


suaded to serve as advisory member. Edward W. Burbank was 


appointed to fill his unexpired term. 
Respectfully submitted, 


WiuuiaM L. Assorz, Chairman WiriitAM A, HANLEY 


Epwarp W. BurBANK F. V. LARKIN 
Roy V. WricutT Evucenre W. O’Brien, Advisory 
Member 
AWARDS 


The Committee on Awards made the following recommendations 
to the Council for awards which were to be presented during the fiscal 
year 1934-1935: 

A.S.M.E. Medal to Willis H. Carrier, for his pioneer work in air 
conditioning. 

Holley Medal to Irving Langmuir, for his contributions to science 
and engineering, including the development of gas-filled incandescent 
lamps, thoriated filament for thermionic emission, atomic hydrogen 
welding, phase-control operation of the thyratron tube, and funda- 
mental research in oil films. 

Worcester Reed Warner Medal to Ralph E. Flanders, for his contribu- 
tions to a better understanding of the relationship of the engineer to 


RI-98 


economic problems and social trends as exemplified by the many 
papers which he has presented. 

Junior Award to John I. Yellott, Jr., for his paper, “Supersatu- 
rated Steam.” 

Charles T. Main Award to Philip P. Self, for his paper on “‘Air 
Conditioning—Its Practicability and Relation to Public Welfare.” 

Student Award, Undergraduate, to H. Reynolds Hudson, for his 
paper on “‘Dynamic Balance and Functional Utility Applied to Auto- 
matic Design.” 

No recommendations were made for the Melville Medal and Post- 
graduate Student Award. 

The topic for the 1936 Charles T. Main Award is ‘“‘Development in 
the Generation and Distribution of Power and Their Effect Upon the 
Consumer.” 

Upon recommendation of the Committee on Policies and Budget, 
the Council approved the extension of the work as heretofore carried 
on whereby a Board of Honors would be established. Council 
named the same personnel on the Board of Honors as comprises the 
Committee on Awards. It was understood that the Board of Honors 
would operate in an advisory or trial capacity for a period of two years. 
Acting in this capacity they proceeded to study and make recom- 
mendations regarding changes in the By-Laws and Rules of the 
Society and methods of procedure. 

The first recommendations made to Council were as follows: 

Resolved that the By-Laws be duly amended to change Par. 23 of 
Article B-8 of the By-Laws which now reads: ‘‘The Standing Com- 
mittee on Awards shall, under the direction of the Council, have super- 
vision of the awards of the Society as detailed in the Rules or pre- 
scribed by Council. The Committee shall consist of five (5) mem- 
bers and the term of one member shall expire at the close of each 
Annual Meeting,”’ to the following: 

“The Board of Honors and Awards shall, under the direction of the 
Council, have supervision of the awards of the Society as detailed 
in the Rules or prescribed by Council. Recommendations for repre- 
sentatives on joint bodies of award shall be made to Council by this 
Board. The Board shall consist of five (5) members, and the term of 
one member shall expire at the close of each Annual Meeting”. ... 

Further resolved that the Board of Honors and Awards shall be 
authorized to constitute a Medal Committee to be comprised of twenty 
(20) persons, five of whom shall be the members of the Board of 
Honors and Awards, and in addition fifteen persons, three appointed 
each year for a period of five years. 

It is anticipated that this Medal Committee will suitably organize 
itself into a functioning body which shall be charged with the duty of 
recommending to the Council nominations for the A.S.M.E. Medal, 
the Holley Medal, the Warner Medal, and in addition thereto nomina- 
tions for representatives of the Society on joint Boards of Award. 

The Board desires to provide better methods for the review of 
papers submitted for awards and intends to experiment with various 
means to this end. For this year the Publications Committee has 
been asked to submit its recommendations regarding papers that 
should be considered for the Melville Medal and the Junior Award. 
These papers will be reviewed by qualified persons or agencies and 
through them a recommendation made to the Board. It is ex- 
pected that student papers may be reviewed by the faculties of the 
various universities under a plan to be definitely formulated and the 
assistance of the Committee on Relations With Colleges will be in- 
vited to this end. 

The objective behind these recommendations is, first, that there 
should be a single responsibility for all awards in which the Society 
is interested; second, that there should be a body of highly representa- 
tive members of the Society who may give to the consideration of 
awards, the attention which the subject deserves; and third, that the 
creation of the Medal Committee would afford a body which should 
be particularly charged with forward-looking plans and policies, not 
alone for those honors which are now available but for others which 
may later be available for various types of recognition. 

It is the belief of the present Standing Committee on Awards that 
these suggested steps will contribute to the elevation of the whole 
awards situation and will enable them to be used in a larger manner 
to the good of the Society and the profession. 

The nominations which the Awards Committee offered to the Coun- 
cil for the Medal Committee cover the fields of education, technical 
journalism, consultation, and industry, and represent a geographical 
cross section of the membership as well. The names are: HE. O. 
Eastwood, A. M. Greene, Jr., D. C. Jackson, R. H. Fernald, J. H. 
Herron, F, M. Gunby, J. L. Harrington, H. C. Meyer, Jr) KK. Hs 
Condit, R. V. Wright, Robert Sibley, J. W. Parker, C. L. Bausch, 
E. R. Fish, and L. W. Wallace. 


Respectfully submitted, W. L. Barr, Chairman 


R. C. H. Hack 
HartE Cookn 


HERMAN DinpERICHS 
L. P. ALFORD 
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EDUCATION AND TRAINING FOR THE INDUSTRIES 


Due to several changes in the personnel the Committee on Educa- 
tion and Training for the Industries was reorganized during the year. 

One of its important activities was the evolving of a statement of 
its objectives as it is felt that the opportunities for this Committee 
have broadened and become considerably more important because of 
the changed economic conditions during the past five years. 

The Committee sponsored a session at the Annual Meeting of the 
Society and at its Semi-Annual Meeting. The session was well 
attended and caused much favorable comment. 


Respectfully submitted, 


Groren A. SryLer, Chairman 
Curment J. Freunp Joun A. RANDALL 
JoHN YOUNGER WARNER SEBLY 


LIBRARY 


The work of the Engineering Societies Library has been carried on 
steadily during the year with marked appreciation by its users. 
These numbered over forty thousand, of whom over ten thousand 
were members living at a distance who were assisted by correspond- 
ence. 

Sixty-five hundred books were added in 1934 to the collection, 
which now contains about 147,000 volumes and maps. 

The conditions portrayed so graphically in our report of last year 
still continue to hamper the growth of this useful activity. 

The Library is called upon for a constantly increasing variety of 
services. More and more it is becoming a general information bu- 
reau for the profession, as well as its outstanding depot for the litera- 
ture. An increasing demand for assistance constantly calls for more 
books, increased staff, and larger quarters. With a budget much 
lower than it was five years ago, it is impossible to provide these facili- 
ties. We trust that the time is near when more generous provision 
may be made for this important activity, which at some time or an- 
other is used by almost every member of the Society. 


Respectfully submitted, 


E. P. Worpen, Chairman 
G. F. Fr.ker 
L. K. Sizucox 


J. S. Kerins 
C. BE. Daviss, Hz-Offiicio 


RESEARCH 


A review of the annual reports of the Society’s special research 
committees reveals an unexpected amount of activity and strength in 
organization. Only five of the twenty-four committees reported no 
activity during the year and a considerable number of them have 
functioned in a normal way. 

As in previous years, a number of these committees have sponsored 
sessions at the general meetings of the Society or have provided the 
papers for the programs of other meetings set by the A.S.M.E. 
and similar organizations. For example, during the 1934 Annual 
Meeting the following five special research committees sponsored 
and conducted regular technical sessions; Fluid Meters, Thermal 
Properties of Steam, Cutting of Metals, Mechanical Springs, and 
Boiler-Feedwater Studies. In addition, three committees, Fluid 
Meters, Wire Rope, and Cottonseed Processing, cooperated with 
certain A.S.M.E. professional divisions in the preparation of the 
programs for three other sessions. 

At the Society’s Semi-Annual Meeting in Cincinnati in June and 
the Machine-Tool Congress in Cleveland in September the committees 
on the Cutting of Metals and Mechanical Springs supplied papers for 
certain of the technical sessions sponsored by the professional divi- 
sions. 

The financial condition of the committees has remained much the 
game this year as it was last. Approximately $3000 was secured 
from industry. The Engineering Foundation has been both con- 
siderate and generous in its responses to the requests for assistance 
addressed to it by several of the committees. In all $7500 was given 
as grants and an added $1500 was pledged as a loan to the Sub- 
committee on Metal-Cutting Data. This latter sum is intended to 
assure prompt publication of the first of the series of handbooks to be 
issued by this committee. 

Sometimes the members of administrative committees such as the 
Research Committee are tempted to be skeptical as to the value of the 
results accomplished by an activity for which they are responsible. 
At such times it is reassuring to find, in the reports of a special com- 
mittee, statements such as the following which was taken from the 
report of the Committee on Lubrication: 
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“‘An interesting letter was received a few days ago from Mr. F. P. D. 
of the M.C. Company. After describing the work of his company in 
installing oil-film roll-neck bearings to withstand shock loads exceed- 
ing 1,500,000 pounds, he says: ‘The operating ZN /P for these bear- 

ings islow. But, according to experiments made by the members of 

Jthe lubrication committee, with this factor as a criterion, these 
bearings should and do perform satisfactorily. I know of no better 
way to pay tribute to the efforts of the committee than to outline this 
example of a very practical use of the reports of the Special Research 
Committee on Lubrication.’ ”’ 

. Brief reports of the special and joint research committees which 
were organized and are sponsored by the Society will be found in the 

following sections of this report. 


SPECIAL AND JOINT CoMMITTEE REPORTS 


Lubrication, A. E. Flowers, Chairman. A successful meeting of 
the A.S.M.E. Special Research Committee on Lubrication was held 
in New York on December 5, 1934. Reports were received on the 

9 es activities from the members present. The chairman 
made a statement concerning the committee’s funds which covered 
an expenditure of approximately $500 and a balance on hand of $524. 
Mr. Hersey reported on the progress he had made in the preparation 
‘of abstracts of the 249 papers listed in the committee’s selected 
bibliography. Approximately 100 have been completed. He pre- 
»sented specimens of these abstracts and after discussion it was decided 
to reduce further the number of titles in the selected bibliography to 
those papers of prime scientific importance and to include in each of 
‘the abstracts the usable data and the summary or conclusions given in 
“the paper. A general discussion of the work of the committee fol- 
‘lowed during which the members reported a total of 12 papers pre- 
‘pared during the year or in course of preparation by members of the 
«committee or their immediate associates. 
A reorganization of this committee is under way in order that a 
‘broad program of work may be undertaken that will cover both the 
physics and chemistry of lubrication and practical service problems. 
"To this end the Society’s Research Committee at its meeting in 
December, 1934, appointed a special Survey Committee on Lubrica- 
tion to investigate the possibilities and to formulate a program. 
_ This committee under the chairmanship of N. E. Funk held two 
wmeetings in March and May, 1935, and subsequently presented its 
report to the Research Committee. It was unanimous in its recom- 
»mendation that the A.S.M.E. should continue to sponsor a special 
Research Committee on Lubrication. A consideration of the scope of 
ithe project in the light of a review of the 19 years of activity of this 
“special research committee led to the recommendation that the scope 
of the reorganized committee should be broad enough to give it 
freedom in the selection of problems but narrow enough to insure the 
nterest of industry. The proposed scope is to include the following: 
\1) Investigations of the fundamental physical and mechanical prob- 


‘ield for practical application, and (8) coordination of data from con- 
‘emporary research in lubrication. 

Fluid Meters, R. J. S. Pigott, Chairman. The Special Research 
‘Committee on Fluid Meters has had as its principal work for the year 
the completion of the revision of Part 1, ‘Fluid Meters—Their 
‘Theory and Application.’’ This revision is divided into three sec- 
tions; Section A on the classification and nomenclature of fluid 
eters, Section B on the theory of fluid measurement, and Section C 
hich is to contain figures and tables for use in solving practical 
'luid-measurement problems and illustrative examples. The Com- 
“nittee expects that the completed revision will be ready for publica- 
sion early in 1936. 

The joint research on orifice coefficients for the measurement of air 

ind water was completed by the A.G.A.-A.S.M.E. Joint Committee 
on Orifice Coefficients in the fall of 1934 and the final report on these 
» tudies is now practically completed. 
At present the special committee is perfecting its plans for re- 
earch at the National Bureau of Standards on flow nozzles. This 
»rogram is being developed in cooperation with the A.S.M.E. Power 
est Codes Committee and a campaign to raise the necessary funds 
sunderway. H.S. Bean will be in direct charge. 

Though no reports have been received this year from Prof. W. H. 
Yarson the committee understands that he is continuing his experi- 
‘aental work on meter coefficients for use in measuring viscous fluids 
» t the University of Oklahoma. 

Thermal Properties of Steam, W. L. Abbott, Vice-Chairman. Fol- 
owing the Third International Steam Tables Conference held in the 
' Jnited States in September, 1934, there has been a natural pause in 
‘he work assigned to the special research committee. Prof. J. H. 
eenan undertook for the committee the preparation of the summary 
f the results of the conference. A revised skeleton table is its prin- 
ipal part. This report will be published in the November, 1935, issue 


‘ems of lubrication, (2) interpretation of the results of research in this _ 
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of Mechanical Engineering. With the completion of the committee’s 
present program Alex Dow asked to be relieved of his duties as chair- 
man. His resignation was accepted with much regret but he was 
urged to continue to serve as a member of the committee. 

Strength of Gear Teeth, R. EB. Flanders, Chairman. The financial 
assistance given by the Engineering Foundation has made it possible 
for the Special Research Committee on the Strength of Gear Teeth to 
keep a research assistant engaged since the beginning of 1935 on tests 
of the surface fatigue of materials in rolling contact under the direction 
of Prof. Earle Buckingham. Tests have been made on rolls one inch 
wide with diameters up to four inches. In all of these tests, one roll 
was of hardened and ground steel. The mating rolls were of several 
varieties of cast iron, leaded brass, chilled phosphor bronze, and 
phenolic laminated material. A progress report on these tests is now 
in preparation. 

With these materials, the tests indicate a tendency of an outer 
lamina of the material to travel by plastic flow in the direction of 
rolling, and also for this lamina to start to shear under the surface. 
On some of the cast-iron alloys, it is not yet certain whether the initial 
failure starts below the surface, or starts at the surface. It is hoped 
that investigations may be continued with other combinations of 
materials, and that it will be possible also to make still further tests 
with the same combinations of materials under combined rolling and 
sliding contact. Thus far, the tests have shown a very consistent 
relationship between load and number of repetitions of stress to cause 
surface failure, giving hopes that some definite relationships may 
eventually be established between surface fatigue and flexural or 
bending fatigue. Such tests take much time, but the information to 
be obtained from them will be invaluable to the designer in the selec- 
tion of combinations of materials to avoid or minimize wear. 

Cutting of Metals, Coleman Sellers, 3rd, Chairman. The work of 
this Committee during the past year consisted mainly of coordinating 
and encouraging the work of its four subcommittees. The personnel 
of the special committee has been enlarged and changed to include 
only those taking an active part in the work. 

Metal Cutting Data. The Subcommittee on Metal Cutting Data 
formed to carry on the work so ably started by Frederick W. Taylor 
has been engaged for the past three years in examining all available 
experimental data on the cutting of metals, supplementing this with 
research of its own, and preparing the data thus obtained for publica- 
tion in the form of handbooks for the use of industry. This should be 
a very valuable contribution to metal manufacturers as there is 
nothing of its kind in existence although the need for it has long 
been felt. The subcommittee has been generously supported by the 
Engineering Foundation. In June, 1935, the Foundation agreed in 
addition to underwrite the preparation of the first publication to the 
extent of $1500. During the coming year, the subcommittee ex- 
pects to bring this first handbook on the Cutting of Metals with 
Single-Pointed Paring Tools to publication. It is also continuing to 
encourage experimental work already under way in various parts of 
the country in an effort to bring them to successful conclusions. L. P. 
Alford is chairman of this special research committee and R. C. Deale 
is its secretary. 

Cutting Fluids. During the past year the Subcommittee on Cutting 
Fluids has been reorganized and enlarged under the chairmanship of 
Prof. O. W. Boston, of the University of Michigan. The sixth prog- 
ress report of the committee was presented at the semi-annual meeting 
of the Society in Cincinnati in June in the form of a paper entitled 
“The Influence of Cutting Fluids on Tool Life in Turning Steel,” 
by Messrs. Boston, Gilbert, and Kraus. The committee has pre- 
pared a research program of a comprehensive nature and is now at- 
tempting to raise funds from industry which, with the $1000 grant 
from the Engineering Foundation already appropriated, will be used 
in a research on cutting fluids with particular reference to the in- 
fluence of cutting fluids on the tool life of single-point tools. Various 
physical and thermal properties of the oils also will be determined, 
and it is hoped that a correlation between all known properties may 
be obtained by which specifications may be set forth for use in select- 
ing the proper cutting fluid to give tool life, low power, or good finish 
as desired on any particular material. 

Bibliography. The Subcommittee on Bibliography on the Cutting 
of Metals issued its second report during the past year. This new 
portion of the bibliography is a continuation of Part I, published in 
1930, and consists of 1257 new references with abstracts. 

Metal Cutting Materials. The accomplishment of the Subcom- 
mittee on Metal Cutting Materials during the year will be its report 
on the “Questionnaire on the use of New Cutting Materials.’”’ This 
questionnaire was sent out to approximately 750 concerns in April, 
1935. A detailed report on the data and information received was 
made at the Machine-Tool Congress held in Cleveland, Ohio, in 
September, 1935, during one of the sessions sponsored by the A.S.M.E. 
Machine Shop Practice Division. In addition this subcommittee has 
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discussed the important development of the diamond-impregnated 
wheels for the shaping of the cemented carbides, and expects to 
sponsor a paper regarding the same in the near future, 

The special Research Committee on the Cutting of Metals has 
felt severely the lack of funds for publication by the Society: This 
has made it increasingly difficult to obtain research papers. Some 
means should be found to preserve for reference, papers of this type 
which, although not of wide and popular interest, are nevertheless 
valuable as contributions to the extremely large subject of the cutting 
of metals. 

Mechanical Springs, J. R. Townsend, Chairman, The Special 
Research Committee on Mechanical Springs held one meeting during 
the past year in December, 1934. Two research programs have been 
practically completed during this period. The research at Wright 
Field directed by J. B. Johnson, chief of the Materials Branch of the 
Air Corps, has progressed to the point where the report is in prepara- 
tion. This work covers fatigue tests on large-size helical springs. 
The second study by E. E. Weibel on the correlation of spring-wire 
torsion and fatigue data for small wire springs under the sponsorship 
of Prof. F. P. Zimmerli and his subcommittee at the University of 
Michigan has been completed and the report presented. This work 
was supported by funds subscribed by industry. Dr. D. J. Mc- 
Adam’s work on a monograph entitled “‘A Résumé of the Physical 
Properties of Spring Materials” has been carried forward and a por- 
tion of this report was presented at the Semi-Annual Meeting of the 
Society in June, 1935. At the present time the committee is re- 
viewing several papers for presentation at the Annual Meeting of the 
Society in December, 1935. These papers are on the correlation of 
spring-wire bending, torsion-fatigue tests, and maximum shearing 
stress in an eccentrically loaded helical spring of circular wire. In 
February, 1935, Dr. W. G. Brombacher at the National Bureau of 
Standards completed and distributed the tenth supplement to the 
Committee’s Bibliography on Mechanical Springs. 

Effect of Temperature on Properties of Metals, H. J. French, Chair- 
man (Joint Committee with the American Society for Testing 
Materials). Two meetings of the joint committee were held during 
the year in December and June and meetings of the subcommittees as 
required. 

During the calendar year 1934, an additional contribution of $3000 
to the Joint Committee’s funds was received from Engineering 
Foundation, which made possible continuation of the sponsorship of 
researches at the Battelle Memorial Institute during the year 1935. 
Procurement of additional funds for the sponsored researches of the 
Joint Committee is in the hands of a newly organized Committee II 
on Finances, the chairmanship of which has been accepted by R. A. 
Bull. 

Work has been continued on the study of embrittlement of aus- 
tenitic nickel-chromium steels as a result of prolonged exposure to 
high temperatures and a summary has been prepared. The work in 
question relates to the progressive changes in toughness of an aus- 
tenitic steel when exposed for a long period to high temperatures, 
both with and without stress. Work was initiated on a second project, 
relating to the interpretation of creep tests, the results of which 
are now broadly utilized by engineers in determining allowable 
stresses for high-temperature service. 

So many logical questions are still unanswered respecting the be- 
havior of steels under creep, especially in very long periods of time, 
that the Joint Committee decided to sponsor a program of research 
at Battelle Institute, in which steels of known creep characteristics 
(as determined by the customary test of 1000 hr or more) would be 
used and these steels further tested to durations of two or more years. 
For one of the materials, K-19 was selected to represent the aus- 
tenitic type because creep values by the usual orthodox test have 
already been reported on this identical steel. A pure ferritic steel 
(K-20) was also selected. The latter is a 0.40 per cent carbon com- 
mercial steel of exceptional physical uniformity, furnished gratis 
by the Bethlehem Steel Company through the good offices of P. E. 
McKinney. The first progress report on this steel, dated June 2, 
1935, was presented to the Joint Committee at the Detroit meeting 
by Messrs. A. C. Cross and F. B. Dahle. At that time it was voted 
to continue the 8000 lb per sq in. load at 850 F and also to maintain a 
sample at 7500 lb per sq in. also at 850 F. The K-19 steel is under 
test at the load and temperature decided upon as the creep limit 
under the former tests, i.e., 8345 lb per sq in. and 1200 F. 

During the year a number of subcommittees have been at work on 
other parts of the program and in some cases they have enlisted the 
cooperation of company and university laboratories. Space avail- 
able will permit only a list of the committees and the names of their 
chairmen. ‘‘High-Temperature Test Methods,’’ N. L. Mochel, 
chairman; Subcommittee D, H. J. Kerr, chairman, checking Method 
E21-34; Subcommittee E, M. 8. Northrup, chairman, checking 
Method E22-34T; Subcommittee F, H. W. Gillett, chairman, work 


‘Company, chairman; 
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on fatigue suspended for the present; Subcommittee N, J. W. Bolton, 
chairman, has prepared a report summarizing published data on 
methods for the determination of wear and seizure at high tem- 
peratures; Subcommittee O, Jerome Strauss, chairman, on corrosion 
of austenitic nickel-chromium steels at elevated temperatures, has pre- 
pared a report during the year; and Subcommittee P, H. W. Russell, 
chairman, organized in March, 1935, to consider the effects of low 
temperatures on metals. 

Committee III on Projects, C. E. MacQuigg, chairman, made a 
comprehensive report at the June, 1935, meeting of the Joint Com- 
mittee and pointed out the importance of raising $10,000 from indus- 
try in the next two years. 

It has been impracticable during the past year to formulate a pro- 
gram acceptable to all interests represented on Committee V on Oil 
Refinery Problems, but such a program is considered to be necessary 
before funds can be secured for support of research in this field. 

The Joint Committee has been in close touch with the interested 
committees of the A.S.T.M. and the A.S.M.E. on questions relating 
to the effect of temperature on the properties of metals and a con- 
siderable amount of time has been devoted to these semi-official 
cooperative projects during the past year. 

Boiler-Feedwater Studies, C. H. Fellows, Chairman (Joint Com- 
mittee with the American Boiler Manufacturers Association, Ameri- 
can Railway Engineering Association, American Society for Testing 
Materials, American Water Works Association, and Edison Electric 
Institute). During the period covered by this 1934-1935 annual 
report the activities of the Joint Research Committee on Boiler Feed- 
water Studies have been limited to a continuation of the work in which 
its subcommittees were engaged during the preceding fiscal year. 

An important change in the organization of the committee has 
occurred as the result of the resignation of S. T. Powell as chairman. 
Early in the past decade Mr. Powell perceived the importance of 
extending the knowledge of the industry in the reactions between 
water and steel under the conditions obtaining as the temperature and 
pressure of boiler operation increased and organized the joint research 
committee. With the aid of leaders in the industries vitally inter- 
ested in these studies, with whom he associated himself, a comprehen- 
sive program of research was outlined. Not all phases of the general 
problem were studied at once; but emphasis was laid first on methods 
of water analysis and on a study to determine the cause of foaming 
and priming. The interest stimulated by Mr. Powell’s leadership, 
however, has in the past ten years, advanced in a remarkable manner 
our knowledge of the reactions occurring within industrial water itself 
and between it and boiler metal under the conditions of association in 
modern steam power plants. It was, accordingly, with considerable 
regret that the members of the Executive Committee acceded to Mr. 
Powell’s wishes and allowed him to relinquish the chairmanship. 

The following officers were elected by the executive committee at its 
meeting in Cincinnati in May of this year to carry on the work of the 
joint research committee: C. H. Fellows of The Detroit Edison 
R. C. Bardwell of The Chesapeake & Ohio 
Railway Company, vice-chairman; and J. B. Romer of The Babcock 
& Wilcox Company, secretary. These officers are planning a reor- 
ganization of the joint research committee in an effort to stimulate 
increased financial interest in its work and, at the same time, to 
further the objectives originally drawn up. 

During the past year the work of the Subcommittee on Methods of 
Boiler Water Analysis was continued at the University of Michigan. 
A progress report on the incompleted research program concerning 
methods for determining dissolved oxygen was presented before a 
session on Boiler Water at the Annual Meeting of the American Water 
Works Association at Cincinnati in June, 1935, by C. H. Fellows, then 
chairman of the subcommittee. The research work on the deter- 
mination of dissolved oxygen undertaken by this technical com- 
mittee has served to stimulate a number of other investigators in this 
field, As a result M. C. Schwartz and W. B. Gurney, J. D. Yoder 
and his associates, D, O. Lima, and others have published results of 
investigations in this field. The future work of this committee 
will be under the direction of Prof. A. H. White of the University of 
Michigan. Professor White has accepted the invitation of the 
Executive Committee to undertake the chairmanship of this group, 
which was made vacant when its former chairman was elected to the 
chairmanship of the joint committee. 

The work of the Subcommittee on Zeolite Softeners, Internal 
Treatment, Priming and Foaming, Electrolytic Scale Prevention 
under Prof. C. W. Foulk dealing primarily with the causes and pre- 
vention of foaming and priming, has been temporarily discontinued. 
It is planned, however, that this work will be resumed during the 
coming year. 

The work of the Subcommittee on Alkalinity and Sulphate Rela- 
tions in Boiler-Water Salines, under the direction of J. H. Walker 
as chairman, has progressed to an important extent during the past 
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year. W. C. Schroeder has been actively engaged on this project 
since its inception under the direction of E. P. Partridge at the 
New Brunswick Station of the U. S. Bureau of Mines. The original 
objectives have been reached and a report covering this research 


;, will be presented at the coming Annual Meeting of the A.S.M.E. 


: 


In addition to this completed study, Mr. Walker’s committee has 
initiated a more basic research on the phenomenon of caustic em- 
brittlement. Through the continued prosecution of these studies it is 
anticipated that many new and important data will be disclosed re- 
garding this subject, permitting a clearer understanding of its develop- 

) ment and prevention. 

» Condenser Tubes, A. E. White, Chairman. The results of the 
work of the Special Research Committee during the year 1934 were 
coordinated and presented at a meeting of the Committee held during 
the Annual Meeting of the Society in December, 1934. This report 
included the progress of short-time methods of corrosion testing of 
condenser-tube alloys, particularly, by methods of impingement at- 
tack and by the use of experimental condensers operating under con- 
trolled conditions. This latter work included a comparison of the 

‘effect of circulating-water velocity on the corrosion rate of the tubes. 

Research work on a modified form of apparatus for impingement 

testing was presented for further investigation and calibration with 

comparative tube life in service. 

Some rather well-defined cases of corrosion in condenser tubes 
caused by the presence of foreign matter within the tube were shown. 
Conjecture regarding the effect of foreign matter on tube life is a 
matter of long standing, however, very few concrete cases taken from 
service have been available. 

_ A rather comprehensive survey of the experience in service of a 
‘number of the newer tube alloys were made. The use of the newer 
alloys has been increasing steadily. They apparently have a very 
definite field, at least in certain places, where the tube life of the older 
alloys has been short. 

During 1935 the committee has continued its development of 
standard methods for corrosion testing and will include in its De- 
cember, 1935, report a discussion of causes of end corrosion and im- 
proved methods for prolonging tube life m condensers where end 
corrosion is a serious problem. 

Botler-Furnace Refractories, W. A. Carter, Chairman. During the 
past year there has been little progress because of lack of funds. 
However, some laboratory work on the equilibrium diagram for the 
alumina-lime-silica-iron oxide system has been continued at the 
National Bureau of Standards. In addition, the chairman has 
endeavored to get some help from co-members of the A.S.T.M. 
Committee C-8 on Refractories to carry on the laboratory slag-test 
program that the committee was forced to discontinue at the Univer- 
sity of Illinois because of lack of funds. The prospects of getting 
this project under way in the near future are, however, encouraging, 

Absorption of Radiant Heat in Boiler Furnaces, W. J. Wohlenberg, 

Chairman. The Society authorized the appointment of a special 

“research committee on absorption of radiant heat in boiler furnaces 
early in 1928. In 1930 a fellowship was established under the direc- 
tion of Professor Wohlenberg and financed by The Superheater Com- 
pany in order to study the problem from both the experimental and 
‘theoretical points of view. The experimental work was to consist of 
radiation and temperature measurements in boiler furnaces together 
with other data necessary for establishing the energy distribution, 
‘the particular furnaces in which the measurements were to be taken 

be selected after a study as to type and convenience of arrange- 

ments for obtaining the information desired. These tests were car- 

‘tied out on ten boilers in different power plants in the United States 
and involve stokers, pulverized-fuel, oil, and gas firing with various 

‘combinations of refractory protected and water-cooled furnaces. 

When the results of the investigations were presented to the Com- 
‘mittee at its December 5, 1934, meeting, it was decided to present this 

-nformation to the Society in the form of one or more papers and to 
“urther recommend that one session of the 1935 Annual Meeting be 
“levoted exclusively to this subject. Such a session is now being 
sponsored by the Fuels Division and the Subcommittee on Heat 
Transfer of the Process Division. The papers to be read at this 
‘session have been written by W. J. Wohlenberg, W. H. Armacost, 
‘5. W. Gordon, and H. F. Mullikin. 
ih, Velocity Measurement of Fluid Flow, W. F. Durand, Chairman. A 
‘variant method for determining air velocity in a pipe using sound im- 
»oulses rather than wave trains of definite frequency was investigated. 
The method consists in starting a sound pulse at a point in the pipe 
varrying the air and adjusting a length measured upstream against a 
'ixed length measured downstream so that the pulse arrives at the 
‘swo terminations simultaneously. The method employed for deter- 
nining simultaneity consisted in converting the arrived sound pulses 
0 electrical pulses by means of telephone receivers and applying the 
slectrical pulses to the grids of two gas-type electronic tubes so coupled 
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that the tube receiving the impulse registers and thereby prevents the 
other tube from registering. By manipulating the length of one of 
the sound paths, either one or the other electronic tubes can be made 
to register for a steady state of fluid flow. This enables the path 
length of simultaneous sound-pulse arrival to be determined, The 
difference in path length of the adjustable arm over that deter- 
mined when the fluid is at rest, is a measure of the fluid velocity. 

The method was devised to avoid the effect of sound reflections in 
the pipe which hitherto have been found extremely troublesome. 
This scheme depends for its operation only on the first pulse arriving, 
the apparatus thereafter being rendered automatically inoperative 
for a time sufficient to allow sound disturbances to subside. 

The scheme was found to work successfully over the fluid-velocity 

range possible with the apparatus at hand, namely velocities from 1 
to 22 ft per sec. The fluid velocities were checked by means of a 
gasometer and stopwatch. The reproducibility of velocity readings 
obtained with the acoustic method was superior to that obtained with 
the gasometer and the average velocities determined by the two 
methods agreed to within one per cent. 
_ Measurements were made of air velocity in two different pipes, 
the first an iron conduit of 1.37 in. internal diameter, the second a 
brass tube with an internal diameter of 0.293 in. Fluid velocities 
from 1 to 7 ft per sec could be produced in the large pipe, and veloci- 
ties up to 22 ft per sec in the small tube. 

Fluid turbulence apparently does not affect the operation of the 
device in a significant way, at least for the velocities and pipe diame- 
ters investigated. Also it was found that it was not necessary to 
use an arbitrary correction factor to reconcile the velocity values ob- 
tained by the acoustic method with those obtained with the gasometer 
standard. Accordingly it appears that the acoustic method may be 
regarded as an absolute method yielding correct velocity values from 
simple length measurements and the velocity of acoustic propagation 
in the fluid medium. 

Strength of Vessels Under External Pressure, W. D. Halsey, Chair- 
man. ‘The special research committee is at present investigating the 
possibilities of furnishing simple means for computing the dimensions 
and stresses of vessels under external pressure constructed of mate- 
rials other than steel and also of steel vessels but at elevated tempera- 
tures. Whereas it would be possible to provide charts for the calcula- 
tion of such vessels, the preparation of such charts would entail an 
enormous amount of work and it is hoped that a more simple means 
may be developed. 

The committee expects to furnish also within the near future a dis- 
cussion of the underlying principles of the report it has already pub- 
lished and which has been incorporated as a section of the A.S.M.E. 
Code for Unfired Pressure Vessels. In the meantime, it is under- 
taking to answer questions raised by the membership regarding the 
application of the rules given in its first report. 

Wire Rope, W. H. Fulweiler, Chairman. The National Bureau of 
Standards has completed the report of the tests on some 200 samples 
of discarded wire rope. This report shows the close relationship be- 
tween wear and broken wires in a rope and its remaining strength. 
Publication of the report is being delayed until after its findings have 
been checked by wire-rope inspectors in the field. 

Heavy-Duty Anti-Friction Bearings, W. Trinks, Chairman. Dur- 
ing the year the committee has continued its search through pub- 
lished and privately obtained data for additional findings relating to 
the various phases of its research program. While some additional 
information has been obtained, no developments have been brought 
to light which require revision or immediate amplification of the 
committee’s previous reports. The report summarizing the results 
of the committee’s experimental investigation has just been published 
as a separate pamphlet under the title ‘‘Roll-Neck Bearings.”’ 

In so far as the committee’s plans are concerned, the immediate 
future may be characterized as a period of watchful waiting, to be 
continued until foreign or private investigators unearth new data, 
or until demand arises for resumption of an active program by the 
committee. 

Rotary Drilling of Oil Wells, D. D. Trax, Chairman. The activity 
of the Special Research Committee on Rotary Drilling of Oil Wells 
has been limited this year to a recasting of the report on performance 
and efficiency of gas-electric prime movers for rotary drilling which 
was presented at the Petroleum Division meeting held in Tulsa in 
May, 1934. When the report is completed the committee proposes 
to recommend its publication as a separate pamphlet. 

Critical-Pressure Steam Boilers, A. A. Potter, Chairman. The 
major portion of the year was devoted to a study of the viscosity of 
water and of steam. There are no data available for the viscosity of 
water at temperatures above 320 F and in the case of steam the 
values for viscosity above atmospheric pressure are not known with 
sufficient accuracy. Up-to-date data are available on the viscosity 
of water from 212 F up to and including the critical temperature, 
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Interesting results have also been secured on the effect of pressure 
on the viscosity of subcooled water. 

The viscosity of steam has been investigated since June, 1935, at 
pressures up to 3500 lb per sq in. and at temperatures up to 1000 1 
The results of the investigations of the viscosity of water and of 
steam under the previously mentioned conditions will be presented in 
a paper at the coming Annual Meeting. The plans for the next year 
include a study of dissociation at high pressures and temperatures. 

Sampling of Pulverized Fuel in Moving Gas Streams, K. M. Irwin, 
Chairman. At its meeting in New York in December, 1934, the 
committee decided not to solicit funds to cover further laboratory 
tests but to limit the committee’s activities to an inquiry from the 
present users of pulverized-fuel equipment relative to the methods 
they are now using to obtain pulverized-fuel samples and also to 
attempt to secure an expression of opinion from them as to the rela- 
tive accuracy of the methods which are being employed. 

A questionnaire is in preparation for this purpose which has been 
reviewed by a few members of the special research committee. It is 
hoped that before the end of 1935, final approval on the form of the 
questionnaire will be reached and that during the next year the com- 
mittee will be.successful in collecting a considerable amount of in- 
formation. 

Cottonseed Processing, W. R. Woolrich, Chairman. The Univer- 
sity of Tennessee, the Tri-State Cotton Oil Mill Superintendents 
Association, the Tennessee Valley Authority, the Engineering Foun- 
dation and the A.S.M.E. Special Research Committee are cooperat- 
ing in this research program. Through laboratory investigation 
at the University, fundamental and basic facts relative to the proc- 
essing of cottonseed are uncovered and proved. When necessary, 
experimental equipment is built and trial runs made to determine the 
value of new processes or products. A progress report was pre- 
sented to the Society during the year at the 1934 Annual Meeting, 
by Chairman Woolrich. 

Future plans involve the finding of more new uses for the cotton- 
seed bi-products and the extension of the research program into the 
demonstration stage, especially that of a continuous cooker of the 
type which has been developed within the laboratory. 

Inactive Committees. Five of the twenty-four special research com- 
mittees on Elevator Safeties, Worm Gears, Measures of Management, 
Removal of Ash as Molten Slag from Powdered-Coal Furnaces, and 
Automatic Oil Pipe Line Pumping Stations have been inactive during 
the past year for financial and other reasons. 


Respectfully submitted, 
G. M. Eaton, Chairman 


D. B. BuLuarp H. A. JoHNSON 
N. E. Funk C. R. RicHarps 
STANDARDIZATION 


A review of the year’s activity among the standardization com- 
mittees sponsored by the Society reveals a commendable amount of 
progress and the Standardization Committee takes considerable 
pleasure and pride in reporting the results accomplished. Within 
the fiscal year just closed (October 1, 1934, to October 1, 1935) eight 
standards were completed and presented to the American Standards 
Association for approval. These standards are as follows: 


Shafting and Stock Keys 

Screw Threads 

Adjusted Pressure Ratings for Steel Flanges and Flanged Fittings 
Jig Bushings 

Drawings and Drafting-Room Practice 

Graphical Symbols 

Code for Pressure Piping 

Hose Coupling Screw Threads 

Wrought-Iron and Wrought-Steel Pipe 

Cast-Iron Soil Pipe and Fittings 


In the paragraphs which follow will be found brief statements 
covering the year’s progress of every committee that has been active 
during that period. For the convenience of reference the present 
status of the several projects for which the Society holds sponsorship 
or joint sponsorship under the A.S.A. procedure is indicated also by 
classifying them under the following six heads that represent definite 
steps in that procedure but in reverse order according to time: (1) 
Before the A.S.A. for final approval and released for publication; (2) 
proposed standard before sponsor bodies; (3) revised proposal be- 
fore sectional committee; (4) completion of report by subcommittee; 
(5) review of comments by subcommittee; and (6) development of 
proposal by subcommittee. 


/ 
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(1) Berorr Tu A.S.A. ror Finat APPROVAL AND RELEASED 
FOR PUBLICATION 


Shafting and Stock Keys,C.M.Chapman, Chairman. Four stand- 
ards formerly approved by the A.S.A., B17a—1924, B17b—1925, 
B17d—1927, and B17e—1927 were revised with additions and re- 
published in one pamphlet after approval in December, 1934. 

Screw Threads, R. E. Flanders, Chairman. The two sponsor 
bodies, the Society of Automotive Engineers and The American 
Society of Mechanical Engineers approved the first revision of the 
American Standard for Screw Threads, originally published in 1924, 


in February, 1935, and November, 1934, respectively. Accordingly, - 


in March, the proposal was transmitted to the American Standards 
Association for final approval and designation as an American Stand- 
ard. This designation was given in April, 1935, and the standard 
known as B1.1—1935 is now available in pamphlet form. 

Adjusted Pressure Ratings for Steel Flanges and Flanged Fittings, 
A. M. Houser, Chairman. The letter-ballot vote of the members of 
the Sectional Committee on the Standardization of Pipe Flanges and 
Fittings was completed in March, 1935, and resulted in a favorable 
recommendation in regard to the revised tables for pressure-tempera- 
ture ratings that were prepared by Subcommittee No. 4 on Materials 
and Stresses to replace Table 1 in the American Standard for Steel- 
Flanged Fittings and Companion Flanges (B16e—1932). The Heat- 
ing, Piping, and Air Conditioning Contractors National Association, 
one of the sponsors, approved this proposal in April, 1935, while the 
other two sponsors, the Manufacturers Standardization Society of 
the Valve and Fittings Industry and The American Society of Me- 
chanical Engineers gave their approval in May, 1935. The pro- 
posal was placed before the A.S.A. for approval in May, 1935. This 
was granted in September. 

Jig Bushings, F. 8. Walters, Chairman. The National Machine- 
Tool Builders Association, the Society of Automotive Engineers, and 
The American Society of Mechanical Engineers, as sponsors, approved 
the proposed American Standard for Jig Bushings during the past 
year, and it was presented to the American Standards Association 
for final approval in March, 1935. This approval was given in April 
and this new American Standard (B5.6—1935) is now available. 

Drawings and Drafting-Room Practice, F. DeR. Furman, Chairman. 
The American Society of Mechanical Engineers as one of the sponsors 
for the proposed American Standard for Drawings and Drafting- 
Room Practice signified its approval of this proposal in February, 
1935. Approval of the other sponsor, the Society for the Promotion 
of Engineering Education, was given the previous June. It was 
transmitted to the American Standards Association in March and its 
approval and designation as an American Standard was given in 
May. This standard therefore, is available now in pamphlet form 
with the serial designation 214.1—1935. 

Graphical Symbols, T. E. French, Chairman. The proposed 
American Standard for Graphical Symbols was approved by The 
American Society of Mechanical Engineers as sponsor in May, 1935. 
The other joint sponsor, the Society for the Promotion of Engineering 
Education gave its approval in June, 1934, contingent on approval by 
the sectional committee and the A.S.M.E: However, several sugges- 
tions made by certain members of the Sectional Committee on the 
Standardization of Drawings and Drafting-Room Practice at the 
time of the letter-ballot vote made necessary a further review of a 
number of the proposed standard symbols. Accordingly, in June, 
1935, a summary of these suggestions was sent to the entire member- 
ship of the sectional committee for vote by letter ballot. The 
changes which were approved by this ballot were included in the 
proposed standard submitted to the A.S.A. in September, 1935. 

Code for Pressure Piping, E. B. Ricketts, Chairman. The letter- 
ballot vote of the members of the Sectional Committee on Code for 
Pressure Piping was completed in December, 1934. The Code was 
then submitted to The American Society of Mechanical Engineers 
for approval in its capacity as sole sponsor. This approval was given 
in February, 1935, and in March the proposed American Tentative 
Standard Code for Pressure Piping was presented to the American 
Standards Association for final approval. Favorable action was an- 
nounced in June, and the code was made available immediately in 
pamphlet form with the number B31—1935. 

Wrought-Iron and Wrought-Steel Pipe, H. H. Morgan, Chairman. 
In November, 1934, the American Society of Mechanical Engineers, 
as one of the two joint sponsors, gave its approval to the proposed 
American Tentative Standard for Wrought-Iron and Wrought-Steel 
Pipe, and The American Society for Testing Materials, the other 
sponsor for this project, gave its approval in February, 1935. While 
the proposal was presented to the A.S.A. in March, 1935, some delay 
in securing its approval has resulted from a disagreement concerning 
slight changes which had been made by the editing committee in the 
wording of Paragraph 3 of the introductory notes. 


Hose Coupling Screw Threads, H. W. Bearce, Chairman. Objec- 
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tions raised during A.S.A. vote necessitated another meeting of 
Sectional committee. Standard finally approved and published in 
July, 1935. 
Cast-Iron Soil Pipe and Fittings, J. J. Crotty, Chairman. The 
\ proposed: American Standard for Cast-Iron Soil Pipe was completed 
in April, 1935; it was submitted to the members of the Sectional 
Committee on Plumbing Equipment for approval by letter ballot 
in May and was presented to the two sponsor societies in July, 1935. 
The American Society of Sanitary Engineering and The American 
Society of Mechanical Engineers, gave their approval to the pro- 
posed standard in August, and in the same month it was transmitted 
to the A.S.A. for final approval and designation as an American Stand- 
ard. W. C. Groeniger is chairman of the Sectional Committee. 


(2) Proposep STANDARD Brrorn Sronsor Bopies 


Brass Fittings for Flared Copper Tubes, F. L. Riggin, Chairman. 
The development of a standard for brass fittings for flared copper 
water tubes was initiated by a subgroup composed principally of 
manufacturers and in 1930 a tentative draft was submitted for review 
to the members of Subcommittee No. 7 of the Sectional Committee on 
Plumbing Equipment. After some revision, the proposed standard 

' was distributed broadly to industry for criticism in February, 1931. 
Then followed considerable correspondence between the members of 
the subcommittee and groups in the industry. Finally in March, 
1934, it was approved in revised form by Subcommittee No. 7 and 
submitted to the sectional committee for vote on approval by letter 
ballot. This vote was favorable and in September, 1935, the pro- 
posed standard was submitted to the sponsor bodies, the American 
| Society of Sanitary Engineering and The American Society of Me- 
) chanical Engineers for approval and transmission to the A.S.A. 

Socket Set Screws and Socket-Head Cap Screws, H. Koester, Chair- 
man. In April, 1935, the final draft of the proposed American Stand- 
ard for Socket Set Screws and Socket-Head Cap Screws was released 
by Subcommittee No. 9 to the Sectional Committee on the Standardi- 
zation of Bolt, Nut, and Rivet Proportions for vote on approval by let- 
ter ballot. This vote was favorable and the proposed standard was 
submitted to the two sponsors, the Society of Automotive Engineers 
and The American Society of Mechanical Engineers in August, 1935. 


(3) Revisep ProposaL BErorEn SECTIONAL CoMMITTER 


Ammonia Flanged Fittings and Companion Flanges, W. R. Kremer, 
Chairman. The letter-ballot vote of the members of the Sectional 
- Committee on the Standardization of Pipe Flanges and Fittings on 
the proposed American Tentative Standard for Ammonia Flanged 
Fittings and Companion Flanges was completed in October, 1934. 
The results of this ballot indicated, however, that certain extensive 
changes and additions were desired by the members of the sectional 
committee. The officers of the committee, after considerable corre- 
spondence prepared a revised draft of the proposal and resubmitted 
' it to the members of the sectional committee in September, 1935, for 
vote on approval by letter ballot. 


(4) CompLerion or Report BY SUBCOMMITTEE 


Taper Pipe Threads, 8S. B. Terry, Chairman. Subcommittee No. 2 
completed its revision of the American Standard for Pipe Threads 
(B2—1919) in September, 1935. As the next step in the develop- 
ment of the proposed revision, it will be submitted to the members 
of the Sectional Committee on Pipe Threads for approval by letter- 
ballot vote. 

Machine Tapers, F. S. Blackall, Jr., Chairman. The final draft 
of the proposed American Standard for Machine Tapers with certain 
minor corrections and changes was approved by Technical Committee 
No. 3 of the Sectional Committee on Small Tools and Machine Tool 
Elements at its meeting in December, 1934. After final checking of 
all details, the proposed standard will be mailed to the members of the 
sectional committee for vote by letter ballot. 

Spindle Noses and Collets, J. HE. Lovely, Chairman. Technical 
Committee No. 4 on Spindle Noses and Collets of the Sectional 
‘Committee on Small Tools and Machine-Tool Elements was organ- 

jized in December, 1928. It cooperated with Technical Committee 
No. 11 in the preparation of a draft standard on Spindle Noses 
' and Chucks distributed to industry for comment in May, 1930. 
However, as a result of suggestions made at numerous conferences 
with members of the industry, Technical Committee No. 4 in March, 
1931, drew up a revised draft of this proposal dealing only with lathe- 
spindle noses. In October, 1932, this draft was approved by the 
lathe groups of the National Machine Tool Builders Association. 
During 1933, the committee carried on tests on new forms of spindle 
noses. Subsequently sufficient experience with the proposed stand- 
ard type of spindle nose has been had and recorded, and the new de- 
signs have met with such universal approval by industry that in 
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October, 1934, copies of the proposal in its final form covering spindle 
noses for turret lathes and automatic lathes were sent to the members 
of the Technical Committee. In March, 1935, the Technical Com- 
mittee released this proposed standard to the Nomenclature Com- 
mittee for review. Following this review it will be submitted to the 
members of the Sectional Committee for vote by letter ballot. 

Chucks and Chuck Jaws, J. E. Lovely, Chairman. Work on the 
preparation of a proposed standard for Chucks and Chuck Jaws was 
begun in December, 1928, with the organization of Technical Com- 
mittee No. 11. Subsequently, Technical Committee No. 11 collabo- 
rated with Technical Committee No. 4 on Spindle Noses and Collets 
in preparing a draft standard on Spindle Noses and Chucks, In 
May, 1930, these committees distributed to industry for comment a 
joint proposal entitled proposed American Standard for Spindle 
Noses and Chucks. The next year a revised draft of this proposal 
dealing only with chucks and chuck jaws and based on the comments 
received as a result of the previous canvass of industry was circulated 
to industry for further comment. 

After extensive correspondence relating to the adjustment of 
various changes and corrections suggested by the manufacturers of 
chucks, Technical Committee No. 11 completed the final draft of the 
proposed standard and released it to the Sectional Committee in 
March, 1935. Following review by Technical Committee No. 17 on 
Nomenclature, it will be submitted to the members of the Sectional 
Committee for vote by letter ballot. 

Circular Forming Tools and Holders, W. C. Mueller, Chairman. 
Work on a proposed standard for circular forming tools and holders for 
automatic screw machines was begun in 1931 by Technical Committee 
No. 10. During the course of the next three years, four question- 
naires were distributed to industry for criticism and comment and the 
suggestions received were, incorporated as far as possible, in succes- 
sive revisions of the proposed standard. In August, 1934, a final 
draft of the proposal was sent to the members of the Technical 
Committee, and in November, 1934, it was released to the Sectional 
Committee. 

Technical Committee No. 17 was asked to develop the nomencla- 
ture for this standard and when this is completed the proposed 
standard will be sent to the members of the Sectional Committee for 
vote on approval by letter ballot. 


(5) Review or CoMMENTS BY SUBCOMMITTEBR 


Inspection of Gears, F. W. England, Chairman. In May, 1935, the 
Recommended Practice of the American Gear Manufacturers’ Asso- 
ciation for Inspection of Gears was mailed to a selected list of users 
of gears with a request for their criticism and comment. Subcom- 
mittee No. 9 of the Sectional Committee on the Standardization of 
Gears proposes that these rules form the basis of the American Stand- 
ard for the Inspection of Gears. The replies which were received are 
now in the hands of the subcommittee for study. 

Large Rivets, R. N.S. Baker, Chairman. Asa result of the meeting 
of Subcommittee No. 1 on Large and Small Rivets held in New York 
in December, 1934, the proposed American Standard for Large 
Rivets was broadly distributed in June, 1935, for criticism and con- 
structive suggestions. The replies received are now in the hands of 
the subcommittee. 

Plain Washers, C. W. Squier, Chairman. During the past year a 
tentative draft of the proposed American Standard for Plain Washers 
for use with American Standard Bolt Heads and Nuts was completed 
by Subcommittee No. 1 and distributed broadly for the general 
criticism and comment of industry. Consideration is now being 
given to the replies received. 

Speeds of Machinery, A. E, Hall, Chairman. The special sub- 
group appointed to study the comments received from industry follow- 
ing the distribution of copies of a tentative draft of the proposed 
American Standard for Machine Speeds held a meeting in New York, 
in April, 1935. A revised draft of the proposal based on the sub- 
group’s recommendations is now being prepared. 

Traps, A. R. MeGonegal, Chairman. In February, 1935, a draft 
of the proposed American Standard for Traps for use with plumbing 
fixtures was distributed to industry for review and comment. Sub- 
committee No. 5 of the Sectional Committee on Plumbing Equipment 
is now reviewing the replies which were transmitted to the chairman 
late in April. These suggestions will form the basis of a further revi- 
sion of this proposal. 

Pressure and Vacuum Gages, M. D. Engle, Chairman. Subcom- 
mittee No. 3 on Gage Sizes and Mounting Dimensions, H. B. Rey- 
nolds, chairman, and Subcommittee No. 4 on Accuracy and Test 
Methods, O. J. Hodge, chairman, are reviewing letters received as a 
result of the general distribution of their parts of the proposed stand- 
ard to industry for criticism and comment. Section 3 was mailed 
in November, 1934, and Section 4 was distributed in April, 1935. 
There is a possibility that all of the three sections of this proposed a) 
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standard will be ready early this fall for the editing committee, which 
is to mold them into a unified whole. 


(6) DEVELOPMENT OF PROPOSAL BY SUBCOMMITTEE 


Round Unslotted Head Bolts. At the December, 1934, Meeting of 
Subcommittee No. 5, a proposed revision of the American Tentative 
Standard for Round Unslotted Head Bolts published in 1928 (B18e— 
1928) was approved. Draft copies of this proposed revision had been 
distributed previously to the committee members and others inter- 
ested for their consideration. It was found necessary to prepare a 
new table for thread lengths, copies of which were distributed to the 
members of the committee in July, 1935. If satisfactory, this table 
will be incorporated in the proposed revision which then will be circu- 
lated to industry at large for criticism and comment. 

T-Slots, Erik Oberg, Chairman. Technical Committee No. 1 of 
the Sectional Committee on Small Tools and Machine-Tool Elements 
completed its report on the “Nomenclature and Glossary of Terms 
for T-Slots,” in May, 1935. This report is now in the hands of Tech- 
nical Committee No. 17 on Nomenclature after which this supple- 
ment to B5a—1927 will be submitted to the members of the sectional 
committee for approval. 

Punch-Press Tools, D. M. Palmer, Chairman. The reorganized 
Technical Committee No. 9 on Punch-Press Tools held a meeting in 
Detroit in February, 1935, at which substantial progress was made 
toward the completion of a tentative draft of the committee’s pro- 
posal intended to cover certain parts of all classes of die sets con- 
sidered suitable subjects for standardization. 

Single-Point Cutting Tools, F. H. Colvin, Chairman. Technical 
Committee No. 19 which was organized in December, 1933, completed 
its report on the nomenclature for single-point tools in May, 1935. 
This report will be submitted shortly to the members of the sectional 
committee for approval. 

Preferred Practice in Graphic Presentation, A. H. Richardson, 
Chairman. Subcommittee No. 3 of the Sectional Committee on 
Standards for Graphic Presentation at its meeting held in New York 
in June, 1935, adopted, with a few minor changes, a tentative draft 
of a code for preferred practice in graphic presentation which had been 
in course of preparation for a number of years. The subcommittee 
plans to have about five hundred copies of this proposed code printed 
for preliminary review, the expense to be covered by sales to the 
public. This would be in the nature of a trial edition which thus 
could be tested in practice and, if found to be satisfactory, presented 
to The American Society of Mechanical Engineers as sponsor society 
for approval and transmission to the American Standards Association. 

Engineering and Scientific Graphs, W. A. Shewhart, Chairman. 
The special subgroup of Subcommittee No. 4 appointed in April, 
1934, to prepare a standard nomenclature for the shapes of curves and 
plots, under the chairmanship of E. T. Cope, completed its report in 
May, 1935, and distributed copies of it to the members of the sub- 
committee in June of this year for examination and comment. 

The special subgroup under the chairmanship of H. F. Dodge ap- 
pointed also in April, 1934, held a meeting in December of that year 
to consider a preliminary draft of a brochure on “Engineering and 
Scientific Graphs for Publications.” Consideration was given also 
at this meeting to an outline of the subgroup’s report submitted by 
Messrs. Stone and Hanscom. Three subsequent meetings were held 
in January, February, and April and the suggestions developed at 
these meetings have been incorporated in a redraft of the proposal. 

Tolerance Systems, R. E. W. Harrison, Chairman. Subcommittee 
No. 1 of the Sectional Committee on Allowances and Tolerances for 
Cylindrical Parts and Limit Gages held a meeting in New York in 
December, 1934. At this meeting a full discussion of the differences 
between the present standard (B4.1—1925) and the I.S.A. Standard 
with special reference to ranges and classes of fit took place. D. R. 
Miller, a member of the committee, then was requested to prepare a 
set of ranges and tolerances following the general trend of B4.1—1925 
and the I.S8.A. standard but with the fewest possible and widest 
practical ranges. This task was completed and copies of the report 
were distributed to the members of the subcommittee in June, 1935. 

Cut and Ground Thread Taps, C. M. Pond, Chairman. At its 
meeting in December, 1934, Technical Committee No. 12 discussed 
and approved revisions of the American Standard for Cut and 
Ground Thread Taps (B5e—1930). This revision is based on com- 
ments and suggestions received as a result of the distribution of a 
tentatively revised draft to industry at large in May, 1934. After 
approval by the members of the Sectional Committee on Small Tools 
and Machine-Tool Elements this revision will be submitted to the 
sponsor societies and the American Standards Association. 

Gasoline, Oil, and Grease Separators, J. J. Crotty, Chairman. 
Meetings of Subcommittee No. 9 were held in November, 1934, and 
March, 1935, and good progress was made toward the completion of 
the first draft of a proposed American Standard for Gasoline, Oil, and 
Grease Separators. At the November, 1934, meeting, a report on the 
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“Recommended Use for Oil Separators and Their Construction” was 
presented and discussed. There is now before the subcommittee for 
its consideration a draft of a proposed standard ordinance to regulate 
the handling, storage, transportation, and disposition of waste oils 
and grease resulting from the use and operation, cleaning, repairing, 
or servicing of vehicles, machinery, or appliances of any kind. This 
project is part of the program of the Sectional Committee on Plumb- 
ing Equipment. 

Tron and Steel Bars, F. H. Frankland, Chairman. The Sectional 
Committee on the Standardization of Stock Sizes, Shapes, and 
Lengths for Hot-Rolled and Cold-Finished Iron and Steel Bars held a 
meeting in New York on April 23, 1935. The committee discussed 
seriously the need for this standard and the form which it should take. 
It was finally decided that the gathering together of the several 
present trade practices within the scope of the committee’s work and 
the placing them in form for review and approval by the American 
Standards Association would render a useful service. 

Accordingly, certain members of the committee agreed to supply a 
list of shapes, sizes, lengths, and tolerances of hot-rolled bars to- 
gether with similar data for hot-rolled reinforcing bars. Another 
group offered to supply the same data for cold-finished steel bars. 
It was then decided that, when this material had been assembled and 
worked up into the form of a standard, it should be distributed to the 
members of the Sectional Committee as a tentative proposal. 

Classification and Designation of Surface Qualities, C. G. Mettler, 
Chairman. Subcommittee No. 1 on Standardization of Surfaces 
Produced by Tools and Abrasives, J. Cetrule, chairman, held a 
meeting in December, 1934, at which a comprehensive report of Sub- 
group No. 2 on Machine Surfaces Produced by Tools, of which J. S. 
Chafee is chairman, was read and discussed. As a result of this 
discussion the subgroup was assigned further duties and from subse- 
quent correspondence with Mr. Chafee it is expected that a report 
will be forthcoming shortly. 

In December, 1934, a meeting was held also by Subcommittee No. 5 
on Ways, Means, and Apparatus for Measuring Quality of Surface, 
J. R. Weaver, Chairman, at which Prof. F. A. Firestone’s report on 
definitions and notation for measurement of surface quality was read 
and discussed. At this meeting consideration was given also to a 
program of experimental work which had been outlined in a letter 
sent out by the secretary of the subcommittee the previous spring 
and, as a result of the discussion, a subgroup headed by G. A. Bouvier, 
was appointed to carry out that part of the program relating to the 
measurement, by various methods, of samples of representative sur- 
faces. 

Furnaces, C. E. Bronson, Temporary Chairman. Upon the recom- 
mendation of the A.S.M.E. Pure Air Committee together with a 
large number of representative and interested organizations, a Sec- 
tional Committee on the Unification of Rules for Dimensioning of 
Furnaces for Burning Solid Fuel was organized in June, 1933, in 
Chicago under the procedure of the American Standards Association. 
The ‘present economic conditions have operated to delay the com- 
pletion of the personnel of this sectional committee and the five sub- 
committees which were authorized by the sectional committee at its 
first meeting. Mr. Bronson gives assurance, however, that this task 
is now nearly completed. 

As a matter of record, the following statistics are given for the pur- 
pose of indicating the extent of this activity and the number of persons 
having a partinit. Number of Sectional Committees 31; number of 
subcommittees and subgroups 273; number of committee members, 
members of A.S.M.E. 371, non-members 812; number of committee 
meetings held in year, 24; number of cooperating organizations, 206. 


Respectfully submitted, 


C. W. Spicer, Chairman 
ALFRED IDDLES 
L. A. CoRNBLIUS 


WALTER SAMANS 
O. A, LauTWwILER 


POWER TEST CODES 


The Committee on Power Test Codes takes pleasure in reporting 
that during the fiscal year 1934-1935 one new test code and one re- 
vised code were completed, approved, and published while two new 
sections of Instruments and Apparatus and one revised section were 
completed and approved by the Council. A more detailed statement 
covéring this activity is given in the following paragraphs. 


Items or GENERAL INTEREST 


Election of Acting Chairman of Power Test Codes Committee. In 
recognition of the service which Dr. Robert H. Fernald had so 
willingly rendered the main Committee during the period of Dr. 
Low’s illness, the committee requested him at its December, 1934, 
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meeting to serve as its acting chairman until such a time as Chairman 

Low will be able again to take his place. 

Btu per Hour Equivalents of Horsepower and Kilowatt. In a com- 
ment on the November, 1934, draft of the proposed revision of the 
Test Code for Steam-Condensing Apparatus attention was called 
to the disagreement between the values there given for the Btu per 
hour equivalents for ‘‘horsepower’”’ and the ‘‘kilowatt,”’ and the similar 
values given in the Keenan Steam Tables. The constants 2543 and 

3413 Btu per hr respectively in the code were taken from the Code on 

Definitions and Values and those in the Keenan Steam Tables, 
i) 2543.1 and 3411.5, are based on the International calorie which was 
defined at the 1929 International Steam Tables Conference (London) 
' as 1/860 of the International watt-hour. 

Since the publication of the Keenan Steam Tables, the National 
' Bureau of Standards has adjusted the basic values of its electrical 
_ standards to agree with the International values and the American 
_ Standards Association has accepted similar modifications. 
: In view of these developments which have taken place since the 
_ Code on Definitions and Values was issued in June, 1931, Committee 
No. 2 on Definitions and Values has been requested to revise its 
- Btu-per-hour equivalents for horsepower and the kilowatt for use in 
new or revised power-test codes. 
) A.S.T.M. Committee on Gaseous Fuels. Because of the direct 
interest in this subject of the Power Test Codes Committee No. 3 
on Fuels, E. X. Schmidt, a member of that committee was named as 
‘its representative on the A.S.T.M. committee, which now has been 
organized to standardize the nomenclature and the methods of 
sampling and testing gaseous fuels in so far as they apply to purchases 
and sales and the requirements of regulatory bodies. Mr. Schmidt 
has been active in the development of the A.S.M.E. Power Test Code 
for Gaseous Fuels. 

Committee Meetings. As a matter of record it should be stated 
that the following committees held regularly called meetings during 
the past twelve months: Power Test Codes Committee, three meet- 
ings, October, December, and April; Committee No. 6 on Steam 
Turbines; Committee No. 10 Subcommittee on Fans; Committee 
No. 11 on Complete Steam Power Plants; Committee No. 18 on 
Hydraulic Prime Movers; special Subcommittee on Measurement of 
Fluid Flow of Committee No. 19 on Instruments and Apparatus; 
and Committee No. 21 on Dust-Separating Apparatus. 


CoMMITTEE PROGRESS 


Fuels. Committee No. 3 on Fuels, W. J. Wohlenberg, Chairman, 
completed its review of the preliminary draft of the Test Code for 
Gaseous Fuels in November, 1934. The code is now in shape for 
_ distribution to a selected list of individuals and firms for criticism and 
' comment. 

Reciprocating Steam Engines. Committee No. 5 on Reciprocating 
Steam Engines, A. G. Christie, Chairman, completed an extensive 
revision of the Test Code for Reciprocating Engines and on Febru- 
ary 6, 1935, it was approved by the Council and subsequently pub- 
lished in pamphlet form. 

Steam Turbines. Committee No. 6 on Steam Turbines, C. H. 
Berry, Chairman, met during the 1934 Annual Meeting of the 
Society to discuss the voluminous material that had been distributed 
to the members dealing with the proposed revision of the Test Code 
for Steam Turbines. A subcommittee of three was appointed at 

hat time to develop the revision of the code. This subcommittee is 
orking effectively and definite progress is being made toward the 
completion of the revised draft of this test code. 

Centrifugal and Rotary Pumps. Committee No. 8 on Centrifugal 
and Rotary Pumps, W. B. Gregory, Chairman, is now considering 
the advisability of an immediate revision of this code which was 
‘approved and published in February, 1928. This step was urged in a 
‘communication received from the Hydraulic Institute. In the use 
of this code as its standard of testing practice, the Institute has real- 
_ ized more and more that it is not altogether adequate and, through the 
‘efforts of one of its committees, it has been endeavoring to agree upon 
certain desirable revisions, and additions, and the standardization of 
‘certain of the testing methods and equipment. As the principal 
purpose of these codes is to serve the practical needs of industry, 
‘the Committee, when it has acquainted itself with the exact nature 
-and extent of the changes desired, will begin work on a revised draft. 

Displacement Compressors and Blowers. Committee No. 9 on 
‘Displacement Compressors and Blowers, Paul Diserens, Chairman, 
‘is now laying plans for a complete revision of the Test Code for Dis- 
-placement Compressors and Blowers. Before undertaking this work 
‘the committee is awaiting the report of the Instruments and Ap- 
»paratus Special Subcommittee on the Measurement of Fluid Flow 
‘covering rules for the measurement of air flow from a gaging tank 
into the atmosphere and from the atmosphere into a gaging tank. 

Centrifugal and Turbo-Compressors and Blowers. Chairman, A. T. 
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Brown, Committee No. 10, reports the publication in pamphlet form 
in March, 1935, of Part 1 on Compressors and Blowers of the Test 
Code for Centrifugal Compressors, Exhausters, and Fans. 

The Subcommittee on Fans, M. C. Stuart, Chairman, held two 
meetings within the year, during which the first tentative draft of the 
Test Code for Fans was outlined. The development of the code 
has been delayed due to the lack of adequate information and agree- 
ment on the standard methods of measuring air. Accordingly, 
several subgroups have been organized to formulate standard methods 
for the measurement of air under the conditions to be found in the 
testing of fans. To provide the necessary data and information in- 
vestigations are under way at Lehigh University under the direction of 
Professor Stuart; at Harvard University, under the direction of 
Professor Marks; and in the laboratories of several of the fan manu- 
facturers. They cover (1) measurement of flow by pitot tube in 
inlet or discharge ducts; (2) measurement of flow by nozzle in inlet or 
discharge ducts; and (3) measurement of flow with large chamber by 
nozzle or orifice, The subcommittee hopes that before the end of an- 
other year it will have completed the first tentative draft of the Test 
Code for Fans. 

In order to bring about closer cooperation between the A.S.M.E, 
committee and the committees of the American Society of Heating 
and Ventilating Engineers interested in fan testing, Thomas Chester, 
consulting engineer of Detroit, has been appointed to membership 
on the committee. Mr. Chester is chairman of the Special Council 
Committee of the American Society of Heating and Ventilating 
Engineers, organized to review that Society’s Standard Code for 
Disk and Propeller Fans, Centrifugal Fans and Blowers. 

During the two years since the organization of the Subcommittee 
on Fans it has been consolidating data and information bearing on its 
work. To develop further some of the ideas which have been ad- 
vanced it applied for permission to hold a technical session during the 
1934 Annual Meeting. This was granted and on Tuesday, December 
4, a session was presided over by Willis H. Carrier and papers were 
presented by L. 8. Marks, N. P. Bailey, W. E. Somers, N. C. Ebaugh 
and R. Whitfield, and M. C. Stuart. So great was the interest in this 
session that another is being planned for the 1935 Annual Meeting, 

Steam-Condensing Apparatus. Geo. A. Orrok, Chairman, of 
Committee No. 12 on Condensers, Water-Heating and Cooling 
Equipment, reported in December, 1934, the completion of the pro- 
posed revision of the Test Code for Steam-Condensing Apparatus. 
The present revision of the code includes a tentative method for de- 
termining the cleanliness factor of condenser tubes. Copies of a 
tentative draft have been distributed to an extensive selected list of 
firms and individuals for criticism and comment. As a result of this 
mailing a number of constructive criticisms of this proposed revision 
of the code have been received. The duplication of this material was 
generously arranged for by the Brooklyn Edison Company through 
P. H. Hardie, secretary and member of Committee No. 12. 

Hydraulic Prime Movers. E. C. Hutchinson, Chairman of Com- 
mittee No. 18 on Hydraulic Prime Movers, reports that the com- 
mittee has completed the drafting of the proposed revision of the 
Test Code for Hydraulic Prime Movers. The committee held meet- 
ings during the annual meetings of the A.S.M.E. and A.S.C.E. which 
made it possible to reach agreement on all of the controversial points 
which had been raised in the development of the earlier drafts. Its 
plans call for the distribution of copies of the code to a selected list 
of firms and individuals for criticism and comment before it is pre- 
sented for final approval. 

Instruments and Apparatus. C. F. Hirshfeld, Chairman, Com- 
mittee No. 19 on Instruments and Apparatus, reports that the work 
completed by the committee during the year just closed includes the 
following sections which were approved for publication, namely: 
Part 1 on General Considerations (second edition); chapter 2 on 
Radiation Pyrometers of Part 3 on Temperature Measurement, and 
Part 15 on Measurement of Surface Areas. 

In addition to the above, Committee No. 19 has made good prog- 
ress toward the completion of Part 2, Pressure Measurement, chap- 
ter 4 on Bourdon, Bellows, Diaphragm and Deadweight Gages and 
chapter 5 on Manometer or Liquid Column Gages; Part 3, Tempera- 
ture Measurement, chapter 3 on Thermocouple Thermometers; 
and chapter 4 on Resistance Thermometers. 

Special Subcommittee on Measurement of Fluid Flow. Inasmuch 
as there had been some misunderstanding concerning the scope of 
the work of this special Instruments and Apparatus subcommittee, 
it was deemed advisable to change its name from Instruments and 
Apparatus Subcommittee on Flow Nozzles to Instruments and Appa- 
ratus Special Subcommittee on Measurement of Fluid Flow. 

Due to the urgent need for its reports, the subcommittee is pre- 
paring as quickly as possible recommended rules for the measurement 
of fluid flow which can be made mandatory in the codes prepared by - 
the several individual committees. Preliminary drafts of sections 
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covering nozzles, orifices, and venturi tubes are being written by the 
members of the subcommittee. The preliminary draft of the orifice 
section has been completed and it is expected that similar drafts of 
the sections on flow nozzles and venturi tubes will be completed within 
the next few months. 

Industry is now being canvassed for funds for the research on flow 
nozzles which is to be made at the National Bureau of Standards under 
the auspices of the A.S.M.E. Special Research Committee on Fluid 
Meters. 

As a representative of the American Standards Association, W. A. 
Carter, Chairman of this special subcommittee, attended the meet- 
ing of the International Standards Association Committee No. 30 
on the Measurement of Fluid Flow held in Stockholm, Sweden, in 
September, 1934. He presented the American comments on the 
1.8.4. Proposal for Measurement of Fluid Flow and urged the inclu- 
sion of certain other rules covering the use of nozzles. 

A meeting of this special subcommittee was held in New York 
during the A.S.M.E. Annual Meeting in December, 1934. 

Dust-Separating Apparatus. The organization meeting of Com- 
mittee No. 21 on Dust-Separating Apparatus was held on Wednes- 
day, December 5, 1934. At this meeting the members of Committee 
No. 21 expressed an appreciation of the magnitude of the project and 
a feeling that several years would elapse before a final report would be 
forthcoming. M. D. Engle was elected chairman of the committee. 
The following subcommittees have been appointed to carry forward 
the program in the development of the Test Code for Dust-Separating 
Apparatus: (1) on plan and scope; (2) on definitions and terms, 
bibliography; (3) on collection of data on test methods employed 
in past and results obtained, equipment available; (4) on the obtain- 
ing of representative samples from gas streams carrying dust in sus- 
pension; and (5) on separation of the solid matter from the gas of the 
sample obtained. 


INTERNATIONAL COOPERATION 


Through membership on the U. S. National Committee of the 
International Electrotechnical Commission,! the Society, and for it 
the main Committee on Power Test Codes has been actively engaged 
in assisting to bring about international agreements on acceptance 
tests for steam turbines and internal-combustion engines. The 
Secretariat for the Advisory Committees on Steam Turbines, Internal- 
Combustion Engines and Hydraulic Turbines is held by the U. S. 
National Committee of the I.E.C. The Society was represented 
on this committee this year by Harvey N. Davis, Francis Hodgkin- 
son, and Ely C. Hutchinson, with C. Harold Berry and Paul Diserens 


serving as alternates. poe ct 
Respectfully submitted, 
F. R. Low, Chairman 
R. H. Fernapp, Acting Chairman G. A. Horne 
C. H. Berry E. C. Hurcuinson 
A. T. Brown D.S. Jacosus 
A. G. CHRISTIE L. F. Moopy 
H. Cooxn H. B. Oatiey 
H. DauusTRAND G. A. Orrok 
P. DismRENS R. J. 8. Pregotrr 
L. Evirorr H. B. Reynoups 
E. R. Fisxe E. B. Ricketts 
C. F. HirsHreLtp E. N. Trump 
F, Hop@Kinson W. M. Waite 
O. P. Hoop W. J. WoHLENBERG 


PROFESSIONAL CONDUCT 


During this past year this Committee has had but one case referred 
to it. Investigation developed that no charge of unprofessional con- 
duct on the part of a member of the Society was made, Accordingly 
no action could be taken by this Committee. This case was referred 
to the Secretary of the Society. 


Respectfully submitted, 


C. G. Sprencur, Chairman 


Epwarps R. FisH E. F. Scorr 
J. H. Herron Huco Dimmer 
SAFETY 


The Standing Committee on Safety has continued during the 
past year to promote industrial safety through the activities of the 
Society and, in reporting the progress made during that period, de- 


1 For Report of A.S.M.E. representatives see page 26. 
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sires to record first the technical session in the form of a symposium 
on the engineering aspects of occupational-disease disability, which 
it sponsored during the 1934 Annual Meeting of the Society. Five 
papers dealing with different phases of the subject of industrial- 
disease hazards were read by authorities in each field and were freely 
discussed. This session drew such a large and interested audience 
that the committee was encouraged to plan for a similar session at the 
1935 Annual Meeting. Good progress has already been made toward 
the selection of speakers and the subjects of the papers which are 
to be presented. At the Committee meeting on June 14 it tentatively 
agreed to the following three divisions of the subject as an outline for 
the meeting: (a) occupational-disease legislation, (b) engineering 
control of occupational-disease hazards, and (c) limitations of protec- 
tive devices and equipment available. 

The committee has agreed to act as co-sponsor with the Manage- 
ment Division of the Society for a session on compensation laws which 
is also to be held during the 1935 Annual Meeting. There are many 
aspects of this subject in which the committee is directly interested 
since it holds that there is a close relation between the compensation 
laws of a state and its laws bearing on disease disability. 

Safety Code for Machinery for Compressing Air, D. L. Royer, 
Chairman. During the past year the Sectional Committee on a 
Safety Code for Machinery for Compressing Air released for criticism 
and comment two successive drafts of its proposed code which in- 
dicates that good progress is being made in its work. 

Safety Code for Cranes, Derricks, and Hoists, J. C. Wheat, Chairman. 
No meetings of the Sectional Committee or any of its subcommittees 
have been held during the past year but from correspondence which 
this committee has had with Mr. Wheat it has assurances that by the 
first of the next fiscal year more active work will be resumed toward 
the completion of this important code which is now in the hands of the 
editing subcommittee. 

Safety Code for Elevators, Sullivan W. Jones, Chairman. The 
Sectional Committee on a Safety Code for Elevators held a meeting on 
April 26, 1935. This meeting was called to consider certain changes 
in the American Standard ‘‘Safety Code for Elevators’’ published in 
1931 which had been proposed by the Subcommittee on Elevator Re- 
search, Interpretations and Recommendations. The subcommittee 
had held meetings on October 30, 1934, and April 24, 1935. 

The proposed American Recommended Practice in the form of an 
Inspector’s Handbook was approved by letter-ballot vote of the Sec- 
tional Committee. The committee plans to delay its submittal to 
the sponsor societies, however, until the new references to the revised 
Safety Code for Elevators are known. 

Junior Advisory Member. Upon the recommendation of the Com- 
mittee Carl Endlein, mechanical engineer connected with the C. J. 
Tagliabue Manufacturing Company, Brooklyn, N. Y., was appointed 
by President Flanders as the Junior Adviser to the Safety Committee. 

It is with deep regret that the committee reports the death of one 
of its members, M. H. Christopherson, on September 9, 1935. 


Respectfully submitted, 


W. M. Grarr, 
H. H. Jupson 


H. L. Miner 
J. B. CHALMERS 


Chairman 


Special Committees 


ADVISORY BOARD ON TECHNOLOGY 


On December 7, 1934, the Council of The American Society of 
Mechanical Engineers took the following action: 


Voted: That the Advisory Board on Technology be established for 
two years, under the direction of the Council, with functions as stated 
below: 

(1) Assume the responsibility of coordinating the activities of the 
general meetings and congresses, divisions, research, and publications 
of the Society. 

(2) Assume the responsibility of leadership and initiative with re- 
spect to coordination. 

(3) Interpret the provisions of the Society’s By-Laws concerning the 
jurisdictions and policies of the several committees represented on 
the Board. 

(4) Review and recommend policies proposed by the several com- 
mittees for the control of their activities. 

(5) Hold at least two meetings each year. 


(Note: This Board is to consist of five, a Chairman from the 
Council, named by the President, and one member of each of the 
following Standing Committees: Meetings and Program, Professional 
Divisions, Research, and Publications.) 


SOCIETY RECORDS 


In the discussion, it was emphasized that the responsibilities of 
coordination, leadership, and initiative gave the Board a tremendous 
opportunity to advance the Society’s purposes which are embodied 
in the new By-Laws adopted by Council on December 3, 1934, as 
follows: 

(a) Encouraging engineering research, tests and other original work. 

(b) Encouraging the preparation of original papers on engineering 
topics. 

(c) Holding meetings for the presentation and discussion of original 
papers and participating in international engineering congresses. 

(d) Publishing papers and reports and disseminating knowledge 
and experience of value to engineers. 


PERSONNEL 


The members of the Board appointed by President Flanders (for a 
term of two years) and the committees they represent are: Robert 
I. Rees, Meetings and Program; K. H. Condit, Professional Divisions; 
S. W. Dudley, Publications; D. B. Bullard, Research; and A. A. 
Potter, Council, chairman. 


Meetines anp AcTIONS 


Two meetings of the Board have been held, January 25 and April 
18, 1935. Discussions at both meetings centered around problems 
relating to the coordination of the activities of the committees repre- 
sented on the Board and to publications. At the second meeting the 
principle of planning the work of the Society in the technical and edu- 
cational development of the profession and of members was also dis- 
cussed. 

The view was expressed that every encouragement be given to local 
sections to send in for consideration by the Committee on Publica- 
tions the manuscripts of papers presented at their meetings. The 
committee and the editor were represented as being willing to con- 
sider, as in the past, original papers of permanent value for publica- 
tion in the Transactions, and papers of current interest for publica- 
tion in Mechanical Engineering, which is a record of advancement. 

The problems of the Committee on Publications in adequately 
serving the committees and agencies that provide papers and reports 
were discussed. Every effort is to be expended in raising the quality 
of papers and assuring that the papers of permanent value are re- 
ceived sufficiently in advance of meetings to insure adequate review 
and preprinting so that full discussion will result when the papers are 
discussed. The principle of budgeting space in the publications to 
these committees and agencies, as a first step in coordination and 
planning, was approved. 

Relations with the technical press were clarified. 

The relation of the professional divisions to the programs of local 
sections was discussed. 

The importance of research as related to other activities of the 
Society was emphasized, including the opportunity for the research 
committees and professional divisions to cooperate in preparing bib- 
liographies. 

Emphasis upon educational quality should be the major guide and 
it was considered important to keep the individual member engineer- 
ing-minded. 

A coordinated budget for the committees represented on the Board 
of Technology was approved. 


Respectfully submitted, 


A. A. Porrrr, Chairman 
D. B. ButitarD 
K. H. Conpit 


S. W. Dupizy 
R. I. Ress 


ADVISORY BOARD ON STANDARDS AND CODES 


One of the recommendations of the Special Committee on Policies 
and Budget of which Harry R. Westcott is chairman, was the estab- 
lishment of an Advisory Board on Standards and Codes. It is ex- 
pected that this Board will further coordinate the activities of the 
four committees in charge of the standardization and code-making 
activities of the Society. Several conferences of representatives of 
these activities with members of the Committee on Policies and 
Budget were held last fall and the statement of purpose of this board 
was finally developed at a meeting of these representatives on Decem- 
ber 6, 1934. It was approved by the Council on December 7. 

The Advisory Board on Standards and Codes is established for 
two years, under the direction of the Council, with the following or- 
ganization and functions. This Board is to consist of five members, 
a chairman appointed by the President from the membership of the 
Council and one member named by each of the following four com- 
mittees, Boiler Code, Standardization, Power Test Codes, and Safety. 
This Board shall be advisory to the Council and shall assist in (1) 
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establishing general policies pertaining to standards and codes, (2) 
initiating and developing standards and codes, and (3) coordinating 
the activities of the several committees which are represented in its 
membership. It plans also to cooperate with the Board of Tech- 
nology. 

The first meeting of the Board was held on May 9, 1935, at which 
the time was spent principally in discussing general policies and the 
methods of work of the constituent groups. It considered also the re- 
quest of the Committee on Policies and Budget to the effect that the 
Advisory Board on Standards and Codes cooperate with it in deter- 
mining the broad purposes and long-range policies which should con- 
trol the Society’s standards and codes activities. 


Respectfully submitted, 


A. D. Battny, Chairman 

L. A. Corne.ius 
(Standardization) 

Y. M. Frost (Boiler Code) 


W. M. Grarr (Safety) 
Francis HopeKrnson 
(Power Test Codes) 


BOARD OF REVIEW 


The Board of Review held nine meetings during 1935 to consider 
the requests of members for dues cancelation and inactive status, 
provided in the policy which was adopted by the Council on Decem- 
ber 2, 1934. 

The number of requests received for consideration total 378, and in 
response, recommendations were made to the Executive Committee 
of Council, as follows: 


Approved (in part or in full) 345 
Denied... cs cee tcinnecs =e 30 
Tablediyesacracceareren eee Reena sare ances weil ccailevose: Surtees cna 3 

378 


Dues canceled in connection with the 345 requests approved and 
the fiscal years to which such dues applied are given below. The can- 
celation of this amount in reality does not represent a real financial 
loss in Society revenues since the Board in each instance received 
satisfactory evidence of the impossibility of collecting such arrears. 
Furthermore, in some cases, the cancelation of part-dues arrears was 
made contingent on and resulted in the immediate payment of the 
dues-arrears balance or dues for the current year. 


Fiscal year 


dues ending Amount canceled 


INE WEG 6 tote maeee SSNaHOOh Hao Sune OMS ORO SHON $5.00 
Ue coo becar sopmorMOOhnUConGDOUCoGOUnOOoEscoeH 60.00 
OS 2 oeretorstersverevar nal sfelois/eletenel eleiexeial a\ele¥ehaloleraieYel=) vier tote 350.00 
ERY pac as conned 0o7 CEdbgDUO BD Cube Nano someanonE 1,597 .07 
Oa oleae tenet rerere ate eretedetotetevetnletetcle nl sielureretetelersVnimieierelsiie 4,782.58 
1935.0... 0 eee eeeees OSS OHOSOOGODU DOCU OLIOOCOOD 4,418.33 

$11,212.98 


In considering each request to cancel dues, the Board carefully 
weighed the all-important matter of loss of income to the Society. 
In several instances the unsolicited pledge of the member was volun- 
tarily given that, if temporarily relieved of previous dues incurred 
and for which no publications or other services were rendered by the 
Society, he would immediately assume current dues obligations or 
those payable after October 1, 1935. In recommending favorable 
action in such cases, the continued interest of the member in the 
Society’s welfare was retained with a reasonable certainty that active 
status with regular dues payments would follow in the near future. 
Further, the grateful acknowledgments received after notification 
was sent of favorable action leads the Board to believe that the Society 
will continue to hold indefinitely the good will of those members who 
have suffered serious misfortunes during the past few years. Where 
circumstances deemed it advisable, the Board canceled only that 
part of the dues arrears that would permit retaining the delinquent 
member on the Society roster. In such cases the member was asked 
to endeavor to pay the balance of arrears and current dues. 

With each request for dues cancelation a detailed confidential state- 
ment was submitted by the member and individual attention given by 
the Board to the facts presented in such application. Where com- 
plete information was omitted, a communication was dispatched to 
the member and a further opportunity given to submit additional 
details. The recommendations of Local Sections received in certain 
instances were most helpful in assisting the Board. 

In acting for the Council, the Board was most sympathetic in its 
treatment of cases where there had been a long period of faithful 
membership. On the other hand, the employment difficulties of the 
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recently graduated Junior members received equally sympathetic 
consideration. 

In the majority of cases where dues cancelation were recom- 
mended to Council, two or more of the following conditions existed: 


(a) Continued period of unemployment 

(b) At present temporarily employed in relief projects 

(c) At present unemployed 

(d) Drastic salary readjustment ; 

(e) Loss of income, due to bank failures, bankruptcies, etc. 
(f) Loss in income due to ill health or old age. 


The Board is firmly convinced of the necessity of handling promptly 
the membership status of dues-delinquent members and of the return 
to the enforcement of the Society’s By-Laws canceling membership 
after a lapse of 15 months in membership dues. Continuation of such 
a policy in the future insures elimination of the suspension and drop- 
ping of several thousand delinquent members at one time as resulted 
in September, 1934, following a most liberal dues policy. 

In conclusion, the Board offers the following recommendations for 
further consideration by Council: 

1 That the Council continue to enforce the provisions of Par. 4, 
Article B5, Fees and Dues, with a liberal policy toward those members 
anxious to retain their membership but unable to pay annual dues 
for the reasons enumerated above. 

2 That the provision for inactive status without membership 
privileges be extended one year from October 1, 1935. 

3 That no member of the Board of Review serve longer than a 
three-year term. 


Respectfully submitted, 


Henry B. Oattey, Chairman 
A. D. BuakE 
Joun P. NEerr 


BOILER CODE 


The Boiler Code Committee submits the following report for the 
fiscal year ending September 30, 1935, covering activities other than 
its regular routine work. 

During this period the Committee held nine regular meetings and 
several executive committee meetings which were devoted to inter- 
pretations of the various sections of the Code and to the formulation 
of revisions and addenda thereto. 

To keep abreast of the progress being made in the development of 
pressure vessels and of the materials of which they are constructed, 
the Committee has made necessary revisions and additions to the 
various sections of its Code. These changes are to a great extent the 
result of suggestions from manufacturers, inspectors, users, and 
others. These revisions were formally adopted by the Council on 
July 23, 1935, and distributed in pink-colored addenda sheets. 

The Committee has under consideration the adoption of more com- 
prehensive rules for the use of cast iron in the construction of cast-iron 
unfired pressure vessels under limited conditions. It has been 
brought out that there appears to be a continued demand for permis- 
sion to use cast iron in Code vessels. It also appears that there are a 
great many unfired pressure vessels in use with some portion made of 
iron castings and, therefore, it appears desirable that some recog- 
nition be given in the Code to the use of cast iron which will en- 
able manufacturers to take advantage of the extensive use of this 
material. 

Various non-ferrous alloys as well as ferrous alloys are being de- 
veloped which appear to have considerable merit for use in the con- 
struction of special pressure vessels for varying types of service. 
As a result, a special committee is investigating these materials with 
the expectation of introducing suitable provisions for Code specifica- 
tions and working stresses for such materials. 

Consideration was given to a request for provisions in the Code for 
acceptance of malleable iron for pressure parts of pipes, fittings, 
valves, and their bonnets. A similar provision has appeared in the 
Code for some time for the use of cast iron and the feeling was ex- 
pressed that malleable iron should also be provided for. Asa result a 
rule has been incorporated in the Code to allow for the use of high- 
grade malleable iron, which complies with the material specifications 
in the Code for malleable iron, for boiler and superheater connections 
under pressure. 

Three A.S.T.M. specifications for condenser tubes and ferrule stock 
for unfired pressure vessels have been added by the Committee for 
incorporation in the Material Specifications Section of the Code. 
These specifications are as follows: Specifications S-29 for Seamless 
70-30 Brass Condenser Tubes and Ferrule Stock (A.S.T.M. Desig- 
nation B55-33); Specifications S-30 for Seamless Muntz Metal 
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Condenser Tubes and Ferrule Stock (A.S.T.M. Designation B56-33) ; 
Specifications S-31 for Seamless Admiralty Condenser Tubes and 
Ferrule Stock (A.S8.T.M. Designation B44-33). 

Since the adoption in 1934 of a new set of rules for flat heads, the 
desirability of providing for additional types of flat heads was re- 
ported on by the Subcommittee on Special Design. As a result, 
additional rules have been added to cover the designs of crimped, 
flat heads, of serewed-in flat heads, and of flat heads with mechanical 
locks. 

Further study has been given to the Rules for Bolted Flanged 
Connections which required qualification of some of its requirements. 
As a result, revisions have been made of some of its requirements to 
eliminate the inconsistencies. 

Consideration has been given to a proposal for coordination of the 
A.S.M.E. and the A.P.I.-A.S.M.E. Codes for Unfired Pressure Ves- 
sels. As a result, a special committee has been appointed to revise 
Section VIII of the A.S.M.E. Boiler Code which will embody the 
best features of the A.S.M.E. and the A.P.I.-A.S.M.E. Codes for 
Unfired Pressure Vessels. 

As a result of data submitted to substantiate the reliability and 
safety of the flame-cutting method of preparing the edges of plate for 
pressure vessels to be welded under the requirements of the Code, 
the Code has been revised to permit the use of this method. 

New rules have been adopted and incorporated in the Unfired 
Pressure Vessel Code to cover the use of electric-resistance butt 
welding for unfired pressure vessels. The requirements are similar to 
those in the Power Boiler Code. 

After considerable experimentation and work, the Special Com- 
mittee on X-Ray Requirements has selected a master set of radio- 
graphs, reproductions of which are now available. 

The Committee has cooperated with the U. S. Naval Experiment 
Station in submitting comments on its specifications for boiler-water 
gages, including glasses, frames, fittings, illuminators, etc. 

New rules for the construction of marine boilers and pressure vessels 
adopted by the U. S. Bureau of Navigation and Steamboat Inspec- 
tion and based upon a report of the Special Committee to Coordinate 
the Marine Boiler Rules were finally adopted and issued. The part 
taken by the A.S.M.E. in preparing these rules was outlined in a state- 
ment published in the September, 1935, issue of Mechanical Engineer- 
ing. 

The Committee appointed V. M. Frost as its representative on 
the Advisory Board on Standards and Codes which was formed by 
the Council to establish general policies pertaining to standards 
and codes. 

C. A. Adams, A. J. Ely, and Walter Samans were appointed mem- 
bers of the Main Committee of the Boiler Code Committee. John A.” 
Darts was appointed a member of the Subcommittee on Heating 
Boilers. C. E. Bronson was appointed to replace M. F. Moore as a 
member of the Subcommittee on Heating Boilers. E. O. Waters 
was appointed a member of the Subcommittee on Special Design. 
Commander W. P. Portz replaced Commander R. F. Frellsen as the 
representative of the Bureau of Engineering of the U. 8S. Navy De- 
partment. : 

The Committee reports with regret the death of C. D. Thomas, 
chief boiler inspector of the State of Oregon and a member of the 
Conference Committee to the Boiler Code Committee. : 

The States of Maine and North Carolina have adopted the A.S. 
M.E. Boiler Code as their standard for the construction of power 
boilers, which makes a total of 21 states in which the Code is opera- 
tive. 


Respectfully submitted, 
The Boiler Code Committee 


F. R. Low, Chairman 

D. S. Jacosus, Vice-Chairman A. M. GREENE, JR. 
C. W. Osert, Honorary Secretary F. B. How‘ 

C. A. ADAMS J. O. LercH 

H. E. Aupricu# M. F. Moors 
W.H. Borum I. E. Mouutrrop 
R. E. Cxucin C. O. Mygrs 

F. S. CruarKk H. B. Oariey 

W. F. Duranp JAMES PARTINGTON 
IXe diy, 1Biye WALTER SAMANS 
E. R. Fise C. L. Warwick 
V. M. Frost A. C. WaIGEL 

C. E. Gorton H. LeRoy WHITNEY 


BOND ISSUE 


During the current fiscal year, the Bond Issue Committee has re- 
ceived subscriptions for $8200 for the purchase of Certificates of 


— 


sion, and this is now ready for mailing. 
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Indebtedness, bringing the total up to $44,650, of which $600 in 
certificates are held in the treasury of the Society, being gifts of the 
purchasers. 

Collateral of the face value of $68,750 is being held by the Trustees 
of the Certificates of Indebtedness. The interest due on the out- 
standing certificates of indebtedness was paid in full on January 1 and 
July 1, 1935, and for the coming fiscal year there is provision in the 
budget for the payment of interest when due and for the retirement 
of 10 per cent of the face value of the certificates outstanding. 

It is expected that further activity of this Committee will not be 


required and it therefore requests its discharge. 


Respectfully submitted, 


JoHN H. LAWRENCE 

W. R. WEBSTER 

W. H. WInTERROWD 
Erik Opere, Ex-Officio 


Dexter S. KimBatt, Chairman 
Paut Doty 

W. A. Hanury 

C. F. HirsHretp 


CAPITAL-GOODS INDUSTRIES 


The situation in the captial-goods industries in the United States 
has been so confused and uncertain during the current year, largely 
because of the impact of economic forces without the industries, that 
the committee has found little that it could do effectively. 

One research project was carried to completion, however. The 
January, 1935, issue of Mechanical Engineering published a paper 
on ‘‘Code Restrictions on Machinery and Production,’ by W. E. 
Hopkins and J. F. Nelson. It is a privilege to express appreciation 

\ of the diligent work of these two Junior Members of The American 
Society of Mechanical Engineers, and through them to acknowledge 
the cooperation of the Junior group in Society affairs. 


Respectfully submitted, 


L. P. Aurorp, Chairman 
R, E. FLANDERS 


L. W. W. Morrow 
Erik OBERG 


CITIZENSHIP MANUAL 


The committee during the course of the year has printed and dis- 
tributed approximately sixty-five hundred copies of a pamphlet en- 
titled ‘‘The Engineer’s Duty as a Citizen,’ by Roy V. Wright. 
This pamphlet was the revision of one used in a discussion course 
given by Dr. Wright at the Newark College of Engineering. A copy 
of the pamphlet was mailed to every Student and Junior Member of 
the Society, and in the letter of transmittal the committee directed 
attention to the fact that: 

“Tt is the object of this pamphlet to stimulate, help, and direct 
young men toward a larger participation in community activities, both 
political and otherwise; and if there is any matter which you think 
should be added or modified or deleted, the committee would value 
your suggestions very highly. Particularly in the matter of sug- 
gested questions, we are anxious to secure the reaction of the younger 
members of the Society. 

“We are asking for this contribution on your part because we know 
that the success of this movement depends upon the younger men, 

\and it is absolutely necessary that we have your suggestions and 
criticisms if this material is to be really helpful.” 

The committee received a very considerable number of criticisms 
and suggestions widely scattered over the United States. Most of 
the criticisms were from student members and came from suggestions 
arising from discussion in the student branches of the Society. 
The criticisms in the main were constructive and pointed out the 
need of some group discussion in connection with the distribution 
of the pamphlet. 

The great need for something of this kind and the particular neces- 
sity for focusing the attention of the younger man on this phase of 
the fuller life of an engineer was generally accepted, and it was felt 
that the pamphlet, supplemented by some discussion conducted 
by a local engineer of prominence, would be particularly fruitful. 

Dr. Wright has during the past few months made a further revi- 
The committee contemplates 
the distribution of this pamphlet to the student branch advisers in 
the various colleges in the United States with the particular hope that 
it will furnish the basis for discussion on the part of the student mem- 
bers of the Society. 


Respectfully submitted, 


Autan R. CuLumore, Chairman 
Roy V. WrIcHT 
W.H. WINTERROWD 


Lintian M. GILBRETH 
Jos. W. Ron 
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COOPERATIVE RELATIONS 


This Committee was asked to study the problem of the relations 
of the Society to the various bodies in engineering and the relations 
between the functions of the joint bodies. Its report was presented 
to the Council in June, 1935, and the recommendations are under 
consideration by the Council. 


Respectfully submitted, 


Haroutp V. Cozs, Chairman 
Ropert I. Ress 
D. Ropert YARNALL 


THE ECONOMIC STATUS OF THE ENGINEER 


The general economic status of the engineering profession has 
improved somewhat during the past year. The improvement in the 
manufacturing industries has been reflected in the slight improvement 
in engineering employment. Durable-goods industries are still 
operating at only partial capacity, and although statistics available 
show that losses were incurred in these industries during the past year 
the earnings of the group as a whole have increased. 

In cooperation with the American Engineering Council the United 
States Department of Labor conducted a questionnaire study of the 
earnings of engineers. About seventy thousand responses were 
received by the Department. These are being tabulated and it is 
expected that a report will be available shortly after the first of 
October. This Committee is holding itself in readiness to interpret 
the findings of the study in so far as they affect mechanical engineers 
and present them for publication and discussion if such discussion 
will prove helpful. 


Respectfully submitted, 


C. F, Hirsarewp, Chairman W. E. WicKENDEN 

D. S. KimBauu C. N. Laver 

N. B. Oatury W. L. Dupuny, Ex-Officio 
H. L. WHITTEMORE W. L. Assort, Hx-Officio 


ENGINEERING HISTORY 


At the 1934 Annual Meeting of The American Society of Mechani- 
cal Engineers a session on Engineering History was held, at which a 
resolution was adopted asking the A.S.M.E. to take the lead in or- 
ganizing a joint movement for the study of Engineering History. 

A committee has been organized with representatives on it from 
the A.S.C.E., A.I.M.E., and the A.I.Ch.E. 

Progress is being made. 


Respectfully submitted, 


Guo. A. OrRoK 
Jos. W. Ror 


JUNIOR PARTICIPATION 


The Committee on Junior Participation approved the following 
methods for stimulating interest among the 3500 junior members of 
the Society in mechanical engineering as a profession and in the work 
of the Society: 

1 All Local Sections should arrange dinner meetings at which at 
least two members should be assigned to each Junior Member with 
the idea of bringing the Juniors in contact with the older members of 
the profession in their own localities, and with the hope that personal 
friendships would thereby be stimulated. 

2 Meetings should be arranged at which the program would be 
entirely in the hands of the Juniors, or, if this is not possible, that 
Juniors should be urged to present papers at Section Meetings. 

3 Juniors should be encouraged to take part in the discussion of 
papers at Section Meetings, by appointment, and by sending them 
advance copies of the papers if possible. 

4 Juniors should be urged to prepare articles for publication in 
Mechanical Engineering, and the Publications Committee should be 
asked to give special consideration to these papers. 

5 Members of the Society should be designated as special advisers 
to Junior Members in their Sections. 

6 The Committee should offer its assistance to General Rees of the 
E.C.P.D. in carrying out his program for recent graduate engineers 
with reference particularly to developing the characteristics which 
the proposed examination for certification demand, 

7 Inevery Local Section one or more of the older and more promi- 
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nent members should be requested to bring about the proper mental 
attitude of the members in their locality with reference to the younger 
entrants to our profession. Invitations to Juniors to the homes of 
the older members should be the more general custom. 

8 The Secretary of the A.S.M.E. should send every year a list of 
Junior Members in each Local Section to the chairman or secretary 
of that Section. Upon the receipt of this list the chairman should 
send a communication to each Junior Member inviting him to visit 
him personally and to attend the meetings of the Section. In the 
case of large Sections the chairman may wish to divide the Junior 
list among a number of prominent members who will be willing to 
correspond and to show special courtesies to a small group of Juniors. 

This program is being carried out in cooperation with the Com- 
mittee on Local Sections. 


Respectfully submitted, 


D. B. Prentice, Chairman 
W. A. Haney 


A. A. PoTTpR 
W.H. WINTERROWD 


MANUAL OF PRACTICE 


The procedure adopted by the Committee looking to the ultimate 
preparation of a manual for the Society has been that of citing specific 
instances or classes of problems with which the manual should be 
concerned. At the Council Meeting of December, 1934, there was 
presented a statement concerning the engineering duties and prac- 
tices to be expected of the engineer and the manufacturer, respec- 
tively. This statement was approved by Council and published in 
Mechanical Engineering for February, 1935, Subsequent to the ap- 
pearance of this statement the Committee has had numerous inter- 
views with consulting engineers and manufacturers in various com- 
mercial fields. There has been a unanimity of approval in all cases 
for the principles contained in the statement. 

Since the promulgation of the Committee’s first statement several 
other specific matters have been brought to our attention but it is 
unfortunate that because of their limited scope no action is considered 
advisable at this time. 

On the other hand the Committee feels that the general member- 
ship of the Society should be kept constantly aware of our problems, 
particularly through the issues of Mechanical Engineering, and the 
Committee again urges that a definite program be initiated to ask 
the Society membership for cases, items, and matters which might be 
the subject of Committee discussion and action. 

The Committee regrets the retirement of W. A. Shoudy as his 
leadership was of inestimable worth. 


Respectfully submitted, 


B. F. Woop, Chairman 
ALFRED IDDLES 

Wrnn MerepvitoH 

J. M. Topp 


C. G. Sprncer, Hx-Officio 
TuHroporRn BAUMEISTER, JR., 
Acting Secretary 
Puitie WERNER, Junior Adviser 


POLICIES AND BUDGET 


The first phase of this Committee’s work, completed in 1933, was a 
study of Society operation and finances used as a basis for a reduced 
budget for 1933-1934. The second phase of its work, which is still 
under way, was initiated with a new statement of Society purposes, 
approved for inclusion in the By-Laws by Council in December, 1934, 
the suggestion of changes in membership grades which are to be 
voted by the membership at the end of the fiscal year, and certain 
modifications in Society organization to simplify it and make it 
more responsive to the needs of the membership. 


Respectfully submitted, 


Harry R. Wzsrcort, Chairman Joun H. LAWRENCE 


L. P, AtrorpD R. G. Macy 
B. M. Brieman A. L. Maruuarp 
H. M. Burxe M. C. Maxw Buu 


W. H. Carri=R Erik Oxsere (Lx-Officio) 


ALFRED IDDLES J. W. PARKER 
A.C. JEwrEttT L. K. Srttcox 
J. N. Lanpis W.H. WINTERROWD 


PUBLIC AFFAIRS 


The Committee on Public Affairs was authorized by Council in 
July, 1934, to recommend to the Society policies in regard to participa- 
tion in national, state, and local affairs in accord with a modification 


/ 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


of the By-Laws made in December, 1934, which included the following 
statement: 

“Increasing the usefulness of the organized engineering profes- 
sion by ...... (C) encouraging engineers to participate in public affairs.” 

To insure complete cooperation with American Engineering 
Council, this Committee was constituted of present and past repre- 
sentatives of this Society on the Council. 

This Committee has held one meeting at which a number of pro- 
cedures for carrying out the purposes of the Committee were can- 
vassed. Further activity depends in some measure on the program of 
American Engineering Council. 


Respectfully submitted, 


Roy V. Wricut, Chairman 
L. P. AtrorD 

Paut Doty 

R. E. FLANDERS 


A. A. PotrsrR 
J. W. Ron 
D. Ropert YARNALL 


CALVIN W. RICE MEMORIAL 


The Committee on Calvin W. Rice Memorial was appointed in 
October, 1934, to consider suggestions for a suitable memorial to Dr. 
Calvin W. Rice. 

As guides for the purposes of suitable memorials, the Committee 
has selected Dr. Rice’s keen interests in international friendliness, in 
young men, and in the portion of the membership not able to attend 
the great annual gatherings of the Society in New York. 

The Calvin W. Rice Memorial Lecture has been established. This 
lecture is to be given at the Semi-Annual Meeting of the Society by 
a distinguished foreign engineer or other person with international 
interest. In the record book of the lectureship are the names of Dr. 
John H. Finley of New York, who delivered the tribute to Doctor 
Rice at the 1934 Annual Meeting, and of Dr. Adolph Meyer of Swit- 
zerland, lecturer at Cincinnati in June, 1935. 

Further plang are under consideration. 


Respectfully submitted, 
H. N. Davis, Chairman J. D. CUNNINGHAM 


W. F. Duranp R. L. Sackett 
C, E. FuLuer C. N. LAvER 
J. W. PARKER E. W. O’Brien 


GEORGE WESTINGHOUSE BUST 


This committee is charged with the responsibility of advising the 
Council as to the custody of a Bust of George Westinghouse, Honor- 
ary Member and Past-President of the A.S.M.E. 

At a meeting of the Committee, December 5, 1934, Ambrose Swasey 
was elected honorary chairman of the committee, Dean Dexter S. 
Kimball chairman, L. B. Stillwell, vice-chairman, and C. E. Davies, 
secretary. On nomination of the Committee Messrs. L. A. Osborne 
and Karl T. Compton were added to its personnel. 


Respectfully submitted, 


D. S. Kimpatt, Chairman K. T. Compton 
AmBrosp Swasey, Honorary Chairman S. W. DupLEy 
L. B. StinuweEu, Vice-Chairman C. N. Laur 
C. E. Davins, Secretary L. A. OSBORNE 
W. W. ATTHRBURY C. F. Scorr 


Joint Activities 


Reports for the year 1933-1934 were also presented to the 
Council by representatives of the Society on a number of joint 
activities. Reference to some of these will be found in the 
Report of the Council and others are presented or summarized 
in the following pages. 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE 


Section M 


During the period between October 1, 1934, and September 30, 
1935, one meeting of Section M, Engineering, of the American Asso- 
ciation for the Advancement of Science was held in connection with 
the winter meeting of the Association, in Pittsburgh, December 27, 


= 
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1934, to January 2, 1935. The principal feature of the meeting was 
the address of the retiring vice-president, Dr. C. F. Kettering on 
“Some Future Problems of Science and Engineering.’”’ The program 
included also problems of stress distribution and plastic deformation 
in metals and joint sessions on Cost and Cost Theory and History 
of Interesting Technological Developments, with the Section on 
Social and Economic Sciences and the Section on Historical and 
Philological Sciences, respectively. 

No session of Section M was held during the summer meeting of 
the A.A.A.S. in Minneapolis in June, 1935. 

The coming winter meeting of Section M will be held at St. Louis 
and active steps are under way to develop a strong engineering pro- 
gram, 


Respectfully submitted, 


Sumner B. Evy 


Toure ak Haga A.S.M.E. Representatives 


AMERICAN BUREAU OF WELDING 


The relations between the A.S.M.E. Boiler Code Committee and 
the American Bureau of Welding continue to be on the most cordial 
basis and all items of welding which are referred jointly to the Ameri- 
can Welding Society Committee and our Subcommittee on Welding 
are given most careful attention. 

Cooperation of the American Welding Society is perfect, and our 
relations most satisfactory. 


Respectfully submitted, 
James Partineton, A.S.M.E. Representative 


AMERICAN ENGINEERING COUNCIL 


The membership of The American Society of Mechanical Engineers 
participates in national public affairs of engineering significance 
through the American Engineering Council, with offices in Washing- 
ton, D. C. In keeping with its long-established policy of seeking to 
serve the common interests of all engineers as well as those of its own 
members, the A.S.M.E. has actively supported the work of the A.E.C. 
from the beginning. 

The membership of American Society of Mechanical Engineers is 
officially represented in these common activities of the American 
Engineering Council through five delegates. Both nationally and 
locally, many other members participate in the work. Their dele- 
gates, on the occasion of the annual meeting of the Council, held in 
January, in Washington, and through the year, through their service 
on committees of the Council and through coordination between the 
staff of the A.S.M.E. and the staff of the Council forward many 
matters of common interest to all engineers and especially to the 
members of our society. 

With the great increase in the legislative and administrative ac- 
tivities of the Federal Government as they have affected industry 
and engineering during the past three years, there has been ample 
opportunity for mechanical engineers to relate themselves to this 
work. Contacts in Washington, long established, understanding of 
the procedures of the Federal Government, and the development of 
\staff and committees to relate the American Engineering Council to 
these rapidly growing government activities have enabled the pro- 
fession to participate intimately through what has come to be called 
the Washington Embassy of American engineers and engineering. 

This rapid development of Government agencies relating in one 
way or another to the development of our natural resources, our 
public utilities, our capital goods, including machinery and construc- 
tion, and our transportation and communication industries, has made 
the task of the American Engineering Council very much greater 
than ever before. 

The following of legislation, the interpretation of Executive Or- 
ders, and the aiding in the staffing of government bureaus and con- 
sultations on policies and methods of fulfilling much of the new legis- 
lation has related American Engineering Council in new ways to our 
national program. It is literally true that more legislation has been 
)passed directly affecting the welfare of engineers during the last two 
years than through the ten years preceding. To the original purpose 
of the founders of the American Engineering Council to provide an 
organization to aid in molding legislation on engineering matters of 
public interest has been added the past year or two the practical task 
of molding methods in the application of legislation. 

The first organized approach to the study of the present widely ex- 
panded government program with regard to furnishing a means of 
interpreting to the profession as a whole the details of the many 
legislative programs took place at the annual meeting of the Council 
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in January, 1935. In line with the need, instead of devoting the en- 
tire time to business sessions, a symposium of Federal activities was 
held and a first hand account was given by members of the Federal 
Government announcing their plans and deeper purposes as related to: 


(1) Planning and the development of natural resources 
(2) Construction 
(3) Durable-goods industries. 


Among the prominent Federal officials who addressed the several 
sessions were: Hon. Marriner S. Eccles, Governor, Federal Reserve 
Board; Hon. M. L. Wilson, Assistant Secretary of Agriculture; Dr. 
Harlow S. Person, of the National Resources Board; Capt. R. S. 
Patton, director, U. S. Coast and Geodetic Survey; Dr. Isador Lubin, 
commissioner of labor statistics; Col. D. H. Sawyer, director, Federal 
employment stabilization office; Clarence McDonough, chief of the 
engineering division, Public Works Administration; Charles C. 
Anthony, industrial adviser, and Thomas Hibben, chief engineer, 
Federal Housing Administration; Wm. P. Witherow, vice-chairman, 
industrial advisory board, National Recovery Administration; and 
R. E. W. Harrison, chief, machinery division, U. 8. Bureau of For- 
eign and Domestic Commerce. 

Dr. Harold G. Moulton, president, The Brookings Institution, 
addressed the largest group ever assembled to attend the Annual 
Dinner. He discussed the economic trends leading to the depression. 

The opportunity to hear these Government officials was afforded 
not only to members of the assembly and to engineers resident in 
Washington and environs, but also to secretaries of engineering so- 
cieties who had assembled from all parts of the United States to dis- 
cuss their own problems at a conference held under the auspices of 
American Engineering Council and in conjunction with its annual 
meeting. 

In line with this aggressive policy of coordination, the annual as- 
sembly voted to provide a method for further correlation of activities 
of engineers in public affairs through a plan for local membership 
whereby local organizations as well as national organizations could 
participate in the work of Council without duplicating financial 
structures. To this end a committee, consisting of Messrs. Bickel- 
haupt, Alford, Trullinger, and Wendt, with Dr. McClellan as ad- 
viser, proposed a plan of membership to open the way to affiliation 
with the Council to a large number of state and local engineering 
organizations. This new plan permitted such an organization to be- 
come a member for the nominal fee of $25 per thousand members per 
year, the expenses of the delegate at the annual meeting to be paid 
by the member-organization. 

Under this plan the following engineering organizations have 
joined Council since the first of the year: 


Arkansas Engineers Club 

Cleveland Engineering Society 
Engineers Club of Baltimore 

Engineers Club of Columbus 
Engineers Club of Philadelphia 
Engineers Club of St. Louis 
Engineering Societies of New England ° 
Engineering Society of Western Pennsylvania 
Florida Engineering Society 

Louisiana Engineering Society 
Michigan Engineering Society 
Providence Engineering Society 

South Carolina Society of Engineers 


A third policy established during the year was to strengthen and 
further cooperation between member-organizations and the Council 
through the dissemination of information as widely as possible. With 
the cooperation of the editors of the journals of the Founder Societies 
and of the editors of the other technical journals, regular monthly 
reports of Council’s activities are published for the information of 
the members. 

Beginning July 1, 1935, the information service has been further 
strengthened by the establishment of a plan of placing on file in the 
offices of member-organizations the basic laws of the administrative 
and executive orders dealing with engineering matters. This addi- 
tional ‘‘Washington Embassy Service’”’ has been developed from the 
wiewpoint of increasing not only the general knowledge of members of 
the societies but of making available locally information concerning 
government expenditures which would constitute the basis for em- 
ployment of many individuals. 

A mimeographed monthly news letter is mailed to delegates, com- 
mittee members, and officers of local sections, for their personal in- 
formation. 

The fourth policy in course of development is the establishment in 
each state of public-affairs committees. In accordance with a plan 
approved at the annual meeting in January, these committees are 
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to be coordinated with the national Committee on Public Affairs. 
This plan of coordination of state committees on public affairs rests 
for its success upon the cooperation of local sections and of local en- 
gineering societies and can only come about gradually through the 
active participation of local organizations in districts not now repre- 
sented in national affairs. The general purpose of this program is to 
take advantage of present organizations to provide the machinery 
for securing the organized discussion of public problems by engineers 
instead of setting up any new organization or duplicating the activi- 
ties of others. 

In the fifth place, to provide coordination within the committee 
activities of American Engineering Council itself. The Executive 
Committee of Council approved the development of three broad 
classes of committees: 


(1) Public-affairs committees 
(2) Engineering and economic research and inquiry committees 
(3) American Engineering Council operating committees. 


In order to simplify procedure, in so far as possible, special commit- 
tees have been made subcommittees of standing committees. 

In the first group is included the Committee on Public affairs and 
related to it as subcommittees are the committees on administration 
of public works, aeronautics, competition of Government with engi- 
neers in private practice, engineers water power policy, flood control, 
patents, rural electrification, and water resources, also representation 
on the Advisory Council of the Federal Board of Surveys and Maps. 

In the second group are included the committee on engineering and 
allied technical professions, the relation of consumption, production 
and distribution, and the naval towing tank; also representation on 
the board of directors of the National Bureau of Economic Research 
and the Board of National Councilors of Purdue Research Founda- 
tion. 

In the third group, are included the committee on constitution and 
by-laws, to which the committee of tellers serves as a subcommittee, 
the finance committee, committee on membership and representation, 
publicity and publications, and regional activities. 

The activities of four committees of the Council will have special 
interest for members of The American Society of Mechanical Engi- 
neers. 

(1) The Committee on Aeronautics, under the chairmanship of 
Grover ©. Loening, is proceeding actively in carrying out the pro- 
gram by Council. The major features of the program are: 


(a) That a sum of $50,000 be appropriated each year as an addition to 
the budget of the National Advisory Committee for Aeronautics and subse- 
quently earmarked for research work to be done by universities and other in- 
stitutions of public learning. 

(b) That none of such appropriation should be employed for educational 
purposes, construction of buildings or basic equipment. 

(c) That a committee be appointed entitled ‘Committee on Cooperation 
between the N.A.C.A. and Universities Interested in Aeronautical Engineer- 
ing;’’ further that this committee should contain representatives of the Na- 
tional Advisory Committee for Aeronautics, of the Army, of the Navy, of the 
Department of Commerce, of the industry selected by the Aeronautical 
Chamber of Commerce, and of the universities engaged in aeronautical 
Work. 

(d) That scientific workers at the universities or technical institutes de- 
siring to conduct research would submit to the N.A.C.A. a formal plan for 
such research, stating the object of the investigation, and the personnel 
available for execution for a given piece of research. The allotment of funds 
would be entirely within the discretion of these committees. 

(e) Publications of worth-while research would be in the form of N.A.C.A. 
technical reports or technical notes. 


Dr. Alexander Klemin, secretary of the committee, has made several 
contacts in Washington in the interest of forwarding the program. 
(2) Committee on Engineering and Allied Technical Professions. 

The work of this committee is described in a later part of this 
statement. 

(3) The Committee on Patents, under the chairmanship of Dean 
A. A. Potter, is studying ten bills relating to patents and to copy- 
right laws which are pending before the Patents Committee of the 
House of Representatives. The legislation deals with such sub- 
jects as provision of counsel for the defense and prosecution of rights 
of indigent patentees, recording of patent-pooling agreements and 
contracts with the Commissioner of Patents, permitting single signa- 
ture in patent applications and validating joint patent for sole inven- 
tion; limiting the life of a patent to a term commencing with the date 


of application, compensation of owner for infringement of patents by * 


U.S. Government, prevention of fraud, deception, and other improper 
practice in connection with business before the U. S. Patent Office, 
providing protection for registration of designs for textiles and other 
materials, making effective in the United States provisions of the 
International Convention for the Protection of Industrial Property 
relating to time limitations in which a foreigner may make applica- 
tion for a design patent, or a trade-mark application. 

A.S.M.E. members of the committee are Dean A. A. Potter, 
chairman, W. C. Lindemann, Edwin J. Prindle, and E. N. Trump. 
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(4) The Committee on Water Resources, under the chairmanship 
of Wm. 8S. Conant, a former representative of the A.S.M.E. on the 
assembly of the Council, has submitted a report which the Council 
approved. ‘The report points out that two fundamental needs for a 
National Water Resources Policy are: (1) complete and correlated 
data; (2) comprehensive study of water-control legislation. A 
federal Bureau of Water Resources is endorsed in principle and an 
interdepartmental Board of Water Resources Investigations is recom- 
mended to correlate investigational functions of federal units. Hx- 
tension of the work of the Water Planning Committee is recommended 
through a National Advisory Water Planning Agency for comprehen- 
sive, integrated drainage-basin planning. 

The annual report of the Council will include an analysis of the work 
of all the committees. 


PROCEDURE AS TO LEGISLATION 


With so much of engineering interest at stake in the session of 
Congress just passed, it seems timely to summarize the policies and 
methods followed by the Council in legislative matters. The staff 
has had for its guidance: 

(1) Policies adopted by the Assembly and Administrative Board 
at Annual Meetings. 

(2) Advice on new matters from special and standing committees. 

(3) Precedent of several years on matters which do not require new 
rulings. 

(4) The viewpoint of public interest as a fundamental reason for 
participating in legislative activities. 

(5) The corollary viewpoint of advancing the economic status of 
the profession. 

The factors of public interest and the status of the profession are 
closely related in problems constantly arising in connection with the 
Federal program, due to the extraordinary relation of government to 
business at present. Competent engineers must be employed where 
engineers belong if the public interest is to be protected against faulty 
planning and wasteful execution. 

Although the ‘‘Washington Embassy” of engineers may not jump 
into drastically new lines of action in the name of the profession with- 
out due consultation and approval, it is not hemmed in by ponderous 
procedure. The precedent set on past work, recognized as in the 
interest of the profession, gives sufficient latitude for quick action on 
immediate, practical steps and leaves only the long-range phases for 
more deliberate action. 

Legislation which Council follows for engineers includes the follow- 
ing general categories: 

(1) Construction: Federal appropriations and administrative ma- 
chinery for construction. (The work-relief bill.) 

(2) Development of Industries: Amendments to the National Indus- 
trial Recovery Act, new patent legislation, etc. 

(3) Development of Natural Resources: Bills relating to water power, 
navigation, reclamation, soil-erosion control, surveys and maps, and 
similar public activities wherein the engineer serves in the develop- 
ment of “our national plant.’ 

(4) Engineers’ Welfare: General legislation in the field of unem- 
ployment insurance, old-age pensions, etc; bills such as civil-service 
measures, engineers’ compensation on federal and relief work, etc., 
more directly affecting the engineer. 

Scores of bills under each of the above headings have been under 
consideration. With its limited staff the Council has found itself 
obliged to concentrate on those of the greatest importance to the 
profession. Where needed, information and arguments have been 
presented to Congressional Committees in open hearings or other- 
wise. The Public Affairs Committee and its subcommittees are 
sent copies of important bills and documents and kept generally in- 
formed. 


CooppratTion With GOVERNMENT AND PLACEMENT OF ENGINEERS 


As indicated above, so active have been the developments of 
Government agencies that what might be called a by-product in 
normal Council activities has become very important. 

From time to time the Council has been called upon to recommend 
engineers for positions and works in cooperation with the Engineering 
Societies Employment Service in which the A.S.M.E. participates. 
At the request of the Government, names of engineers technically 
qualified for positions, have been submitted to various agencies. 
Some 74 Government divisions now employ engineers. 

In addition to working from day to day on placement problems, the 
Council has made a number of analyses of the number and distribu- 
tion of engineers. These analyses led to a further activity, namely, 
the census of engineers which is being made with the cooperation of 
the national, state, and local societies. Under the direction of a stand- 
ing committee of Council on engineering and allied technical profes- 
sions the Bureau of Labor Statistics of the U. S. Department of Labor 
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conducted a special census of engineers with particular reference to 
educational background, occupation, income, and present status of 
employment. The results of the questionnaire will be presented in a 
report by the Bureau of Labor Statistics and it is expected to have a 
far-reaching influence on policies concerning engineering education 
and percentage distribution of engineers both by profession and by 
industry, the basis for professional consideration or compensation, 
and other policies of direct interest to the individual engineeer. 


OFFICERS AND DELEGATES 


President J. F. Coleman, past-president of the American Society 
of Civil Engineers, and consulting engineer of New Orleans, La., is 
serving the second of his two-year term as president. C. O. Bickel- 
haupt, of New York, Alonzo J. Hammond of Chicago, Paul Doty of 
St. Paul, and W. H. Woodbury of Duluth are vice-presidents. C. E. 
Stephens of New York is treasurer. 

Work of the Council in Washington is essentially a staff activity. 
The personnel of the organization is headed by Frederick M., Feiker, 
as executive secretary, serving his second year. During the year, 

) with the approval of the executive committee, Lemuel V. Reese 
- joined the organization as assistant secretary. Mr. Reese, joining 
_the staff from the F.E.R.A. organization, brought a first-hand knowl- 
edge of the present government personnel, as well as a background of 
experience in engineering and industry. The secretaries of Council 
and of the national member organizations meet each month to assure 
coordination of effort. 

The last three years have seen a constantly increasing opportunity 
for the engineering profession to contribute its viewpoint and con- 
structive suggestion in public affairs. 

| Society of Mechanical Engineers believe it fortunate that there has 
) been available in Washington an organization and headquarters for 
service, the American Engineering Council. The organization has 
been pointed to by societies of the other professions as an example to 
be followed. 

The American Society of Mechanical Engineers, from the begin- 
ning has supported this coordinated center for common action and 
its representatives believe it has possibilities of even wider and greater 
usefulness to the public and indirectly to the profession. 


Respectfully submitted, 


R. E. Fuanpers, Chairman 


L. P. ALForD D. Ropgert YARNALL 
Pau Doty H. V. Cors ; Wilarnatce 
A. A. Portrer J. W. Roz : 


AMERICAN STANDARDS ASSOCIATION 


’ On April 25, 1935, the Standards Council of the American Stand- 

| ards Association voted to reorganize parts of the Association’s struc- 
ture to cope with the widening range of standards work, The 
chairman of the Standards Council, J. C. Irwin, was authorized to 
organize a mechanical committee, a textile committee, and a building- 
code correlating committee. Other intra-industry committees will be 
formed from time to time as the need develops. Because of the in- 
creased interest in standards for consumer goods, an advisory com- 
mittee on ultimate consumer goods was authorized. This body will 
advise the Standards Council on the problems in this field. 

) During the year the Federal Housing Administration became a 
member body of the American Standards Association, and the 
American Automobile Association, Manufacturing Chemists Associa- 
tion, and the Motor Truck Association of America have become as- 
sociate members. A total of 36 member bodies represents 40 national 
organizations. Of these nine are governmental bodies, eight are 
technical societies, and 19 are trade associations. The 13 associate 
members consist of six technical societies and seven trade associa- 
tions. More than 600 national groups are now cooperating in 
developing and revising standards and safety codes under the proce- 
dure of the American Standards Association. 

Officers of the Association are: Howard Coonley, representing the 
| A.S.M.E., president; F. E. Moskovies, representing the Society of 
Automotive Engineers, vice-president; P. G. Agnew, secretary, and 
Cyril Ainsworth, assistant secretary. J. C. Irwin is chairman of the 
Standards Council and F. M. Farmer is vice-chairman. 

As of September 10, 1935, the Association has approved 301 stand- 
ards, 65 of which are in the mechanical field. Since October 1, 1934, 
36 standards have been approved, six important projects being in the 
/ mechanical field. During the past 12 months nine requests for the 
initiation and approval of existing standards were received. 


“Wer 


Respectfully submitted, 
C. W. Spicer, A.S.M.E. Representative 


The delegates of The American .- 
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THE ENGINEERING FOUNDATION 


The most important feature of The Engineering Foundation’s 
year of activity was the celebration of the twentieth anniversary of its 
founding. For the celebration the regular meeting, October 18, 
1934, was selected. Dr. Swasey accepted the Foundation’s invita- 
tion to be the guest of honor. Invitations to a subscription dinner 
drew acceptance from 78 persons: past and present members of the 
Foundation and United Engineering Trustees, Inc., officers of the 
Founder Societies and cooperating organizations of engineers and 
scientists, and a few personal friends of the Founder. Chairman 
Charlesworth presided and at the close of the program presented Dr. 
Swasey an engrossed testimonial signed by all the persons present. 
Addresses were made by Harry P. Charlesworth, Frank B. Jewett, 
a former vice-chairman of the Foundation, Karl T. Compton, presi- 
dent of Massachusetts Institute of Technology, and representing 
Harold V. Coes, president, United Engineering Trustees, Inc., vice- 
president George L. Knight. 

Total book value of endowments, December 31, 1934, was $882,000; 
and the E. H. McHenry bequest in the hands of executors until de- 
cease of two life beneficiaries, appraisal at probate of will in 1931, 
was approximately $400,000. These capital funds are held and ad- 
ministered by United Engineering Trustees, Inc. The net income 
from endowment was $5000 in 1915 and $40,000 in 1934. The 
Foundation Board has discretionary power in the use of income. 
For enterprises which the Foundation has aided, large contributions 
of money, services, and materials have often been obtained from 
organizations and firms in industry. 

The activities in 1934 included investigations of concrete and rein- 
forced-concrete arches, earths and foundations, and plastic properties 
of concrete in the civil-engineering field; critical review of the world’s 
literature on alloy irons and alloy steels since 1890, and barodynamic 
research, both sponsored by the American Institute of Mining and 
Metallurgical Engineers; in cooperation with committees of The 
American Society of Mechanical Engineers, studies of effect of tem- 
perature on properties of metals, cutting of metals, thermal proper- 
ties of steam, mechanical springs, riveted joints, wire rope, boiler- 
feedwater studies, fluid meters, and strength of gear teeth; under 
sponsorship of the American Institute of Electrical Engineers and 
electric-welding research on pure-iron electrodes. 

Assistance was given also to the Engineers’ Council for Profes- 
sional Development, Personnel Research Federation, and for a survey 
by The Engineering Index. 

The present officers of the Engineering Foundation are: Chair- 
man, Harry P. Charlesworth; first vice-chairman, D. Robert Yarnall; 
second vice-chairman, Edwards R. Fish; members of executive com- 
mittee, Otis, E. Hovey, John V. N. Dorr, and Edwards R. Fish; rep- 
resentative on executive board of National Research Council, Harry 
P. Charlesworth; director and secretary, Alfred D. Flinn. 

Revised Rules of Administration have been drafted in accordance 
with the revised by-laws of the United Engineering Trustees, Inc. 
Copies of these rules are now available in pamphlet form. They 
govern applications for grants and the other procedures of the Founda- 
tion. 

Welding Research. On the invitation of A.I.E.E. a conference was 
held on April 22 of 18 representatives of technical organizations and 
the industry. This conference discussed plans and possibilities 
for a comprehensive welding research project, and nominated eight 
members of a Committee to be appointed by the Foundation. This 
Committee was appointed on April 25 and held a meeting on May 6 
attended by all members, the chairman of the conference and the 
director of the Foundation. This meeting stated the principal 
elements of a program, appointed a Subcommittee on Literature and 
a Subcommittee on Research Projects, and directed that a canvass be 
made of contributions to be expected from industrial concerns, es- 
pecially of services and materials for the research. 

The members of the Welding Research Committee are: Comfort 
A. Adams, chairman, professor of electrical engineering, Harvard 
Engineering School; David 8. Jacobus, advisory engineer, Babcock 
and Wilcox Company; Henry M. Hobart, consulting engineer, 
General Electric Company; James H. Critchett, vice-president, 
Union Carbide and Carbon Research Laboratories; Glen F. Jenks, 
commanding officer, Watertown Arsenal; Frederick T. Llewellyn, 
research engineer, U. S. Steel Corporation; John J. Crowe, engineer 
in charge of apparatus research and development for the Air Reduc- 
tion Company; and William Spraragen, secretary, consulting engi- 
neer. 


Respectfully submitted, 


W. H. Futweiuer (1936) 
D. Rogperr YARNALL (1936) > A.S.M.E. Representatives 
A. E, Waite (1939) 
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ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


The Engineering Societies Employment Service, a joint activity 
conducted by the four National Societies, maintains offices in the 
Engineering Societies Building in New York, at Chicago, and San 
Francisco. Bach of these offices is in charge of a manager who is 
supervised by a local Advisory Board. Each Advisory Board is 
made up of a member of each of the Four National Societies. 

In New York, the Society of Naval Architects and Marine Engi- 
neers participates; in Chicago, the Western Society of Engineers; 
and in San Francisco, the Engineers’ Club and the California Sec- 
tion of The American Chemical Society. 

It has been found necessary during the last few years to restrict the 
service to members of the participating organizations, unless no 
member can be found who has the necessary qualifications. In New 
York, non-members of the Societies have been aided through a special 
activity, known as the Professional Engineers’ Committee on Un- 
employment, which was organized and conducted by the New York 
Local Sections of the four National Societies. In Chicago and San 
Francisco, where there was no activity comparable to that carried 
on by the P.E.C.U., the Employment Service served a reasonably 
large number of non-members. This was in cases of openings for 
stationary engineers, chemical engineers and special classifications 
generally found within the membership of the participating societies. 
The fees collected through these placements reduce the expense of 
operation on the part of the societies to underwrite any deficit that 
occurs from year to year. 

Tables showing the registrations and placements for each of the 
offices follow directly. 


REGISTRATIONS, BY SOCIETIES 


For New York, Chicago, and San Francisco offices 
from August 1, 1934, to July 31, 1935, inclusive 


-use of the several member nations in international trade. 


/ 
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 


The eighth Plenary Meeting of the International Electrotechnical 
Commission convened on June 18, 1935, at Scheveningen, Holland, 
for the first week of meetings and continued during the following week 
in Brussels, Belgium. 

There were over four hundred and fifty delegates present, of whom 
14 represented the United States National Committee of the I.E.C. 
The American delegation was led by Dr. C. H. Sharp, President of the 
U.S.N.C., and the delegates were selected in the greater part from 
the sectional committees of the A.S.A. and the A.S.M.E. Committees 
on Power Test Codes. American industry, therefore, participated 
directly in the deliberations of the I.E.C. 

Twenty advisory-committee meetings were held during the two 
weeks, including those on steam turbines and internal-combustion 
engines. The committees which held sessions at Scheveningen 
dealt with nomenclature, aluminum, insulating oils, rules and regula- 
tions for overhead lines, radio communication, electrical installations 
on ships, electric cables, electronic devices and steam turbines, while 
at Brussels meetings were held on symbols, lamp caps and holders, 
standard voltages and currents and high-voltage insulators, electric- 
traction equipment, measuring instruments, terminal markings, 
switchgear, accumulator batteries, and internal-combustion engines. 

The International Electrotechnical Commission embraces prac- 
tically every branch of the electrical industry and from the point of 
view of standardization in its broadest sense is dealing with matters 
of the highest commercial importance. The I.H.C. is engaged in 
preparing standard specifications which can serve as models for the 
In its 30 
years of existence it has accomplished more 
than is generally recognized. And, although 
the I.E.C. recommendations are not so much 
in the public eye as they might be, they are 
constantly permeating the national standards 


A.S.C.E. A.I.M.E. A.S.M.E. A.IL.E.E. W.S.E. S.N.A. A.C.S. H.C. N.M. Total 5 3 
New York 341 110 405 313 £9 7g 4958 ~~: Well as industry as a whole, where their 
Chicazousees. st 56 32 83 88 62 EC oes GOST 602 identity or origin is often lost. 
San Francisco.... 92 97 92 62 # Be YR Se oa? 612 The U. S. National Committee of the I.E.C. 
aoe San — ae am al to) PA one Tr functions as Secretariat for Advisory Com- 
Totallicicc ctciscc.s 4 - 
Bes oo zed B20 g0° ee 2 x a a mittees No. 1 on Nomenclature; No. 4 on 
Hydraulic Turbines; No. 5 on Steam Tur- 
iP i tie 3 
aoe oar eens men a bines; No. 14 on Rating of Rivers; and No. 
or ew ork, 1cago, an an Hrancisco omces EY ] 7 7 
from August 1, 1934, to July 31, 1935, inclusive 19 on Internal Combustion Engines. During 
ASCE AIME ASME. ALEE, WSE, SNA ACS. CNM. dota ‘2° 7eat reparations hudba nsnadeso es 
New York 116 97 249 112 1 1 116 615 meetings of Advisory Committees No. 1, No. 
Chicago... 14 1 32 18 pois 130 247  5,and No. 19. 
San Francisco.... 18 27 36 9 1 1 5 1 80 178 Advisory Committee No. 5 on Steam Tur- 
Toe 148 55 310 139 54 aoe - 3 326 1040 bines held a week of meetings at Scheveningen 


Respectfully submitted, 
C. E. Daviss, A.S.M.EH. Representative 


ENGINEERS’ NATIONAL RELIEF FUND 


From August 15, 1934, to September 4, 1935, the Board of Direc- 
tion of the Engineers’ National Relief Fund considered and acted 
upon seven applications for loans. Of these cases two were those of 
the A.S.C.E., one, A.S.M.E., and four were of non-members. A 
total of $570 was paid out of which $345 was returned during this 
time. 

Except in extreme and exceptionally worthy cases, the Loan Fund 
was available only to members of the four National Societies or to 
members of local societies with which the Local Sections of the four 
National Societies are affiliated. It was understood that the loan 
was to be on the basis of a revolving fund, made for the briefest pos- 
sible period consistent with providing an emergency service. The 
basis for this policy was to have the fund circulating to the greatest 
extent. Assistance to engineers in dire distress was generally de- 
termined by a study of answers to a group of questions, which answers 
wherever possible were furnished as a result of investigation by local 
organizations. 


Respectfully submitted, 


Wiutam G. Arwoop (Am.Soc.ofC.E.), Chairman 
Lanvon F. Srrospen (A.1.M.E.) 

E. B. Mryur (A.1.E.E.) 

Wiuuiam A. SHoupy (A.S.M.E.)! 


1W. W. Macon, A.S.M.E. representative, died January 1, 1935. 


I Mr. 
Shoudy was appointed to succeed him on the Board of Direction. 


while No. 19 on Internal-Combustion Engines 
met for a week in Brussels. At both meetings 
a considerable degree of international agreement was attained, which 
was due, in part, to the fact that all business coming before the 
committees had been the subject of extended correspondence be- 
tween the various national committees and the Secretariat over a 
period of four years. The written opinions of the various national 
committees were condensed into a number of printed Secretariat 
reports which were submitted at the meetings. 

At the meetings of Advisory Committees No. 5 and No. 19, the 
U. 8S. National Committee was represented by Francis Hodgkinson, 
Acting Director of the Secretariat on Steam Turbines and Director 
of that on Internal-Combustion Engines, by K. McH. Irwin, delegate 
and by C. B. LePage, Assistant Director of both of the Secretariats. 


Respectfully submitted, 


H. N. Davis 
E. C. HurcuHinson 


A.S.M.E. Representatives 
Francis Hop@KINSON 


ENGINEERS’ COUNCIL FOR PROFESSIONAL 
DEVELOPMENT 
The program of Engineers Council for Professional Development 


looking toward the enhancement of the status of the engineer is 
divided into four parts: 


(1) Educational and vocational orientation of young men 

(2) Cooperation between the engineering profession and engi- 
neering schools 

(3) Further personal and professional development of young 
engineering graduates 

(4) Establishment of suitable standards for professional recog- 


nition. 


See 
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During the year substantial progress has been made in all elements 
of this program. 

The most tangible progress has been made in the matter of co- 
operation between the profession and education. In this field the 
preliminary work on the program for accrediting curricula in engi- 
neering schools has been completed and as the year drew to a close 
steps were being taken to accredit some twenty institutions in the 
New England and Middle Atlantic areas. 

In the establishment of suitable standards for professional recog- 
nition, two Societies, the American Society of Civil Engineers and 
our own, have initiated changes in their Constitutions to provide for 
modification of the requirements for the grade of Member and the 
addition of a grade of Fellow. 

In the vocational orientation of young men, groups have been 
organized in over a score of centers throughout the United States 
to provide this guidance for prospective candidates for engineering 
schools. 

In the post-college development work a leading list and a personal 
self-analysis blank have been perfected and distributed. 

The complete report of the work of this important body may be 
secured for the sum of ten cents by writing to the Secretary at 
29 West 39th Street, New York City. 


Respectfully, 


C. F. HirsHretp 
W. E. Wickenvren ?A.S.M.EH. Representatives 
Wiuiam.L. Barr 


JOINT AWARDS 


The A.S.M.E, participates in a number of joint awards. These 
follow together with brief statements giving the purpose of the 
awards, the participating bodies, the names of the A.S.M.E, represen- 
tatives for 1934-1935, and the awards made between October 1, 
1934, and September 30, 1935. 

John Fritz Medal, for notable scientific or industrial achievement; 
Am.Soc.C.E., A.I.M.E., A.S.M.E., A.I.E.E.; R. V. Wright, C. N. 
Lauer, A. A. Potter, Paul Doty. Award for 1935 to Frank Julian 
Sprague. 

Gantt Gold Medal, for distinguished achievement in industrial 
management as a,service to the community; Institute of Manage- 
ment Division of A.S.M.E.; Jos. W. Roe, David B. Porter, F. E. 
Raymond. Award for 1935 to Arthur Young. 

Daniel Guggenheim Medal, for notable achievement in advance- 
ment of aeronautics; A.S.M.E., S.A.E., Canada, England, France, 
Germany, Holland, Italy, Japan; H.I. Cone, Porter H. Adams, E. E. 
Aldrin, B. M. Woods. Award for 1935 to William F, Durand. 

Herbert Hoover Medal, for distinguished public service; Am.Soc. 
C.E., A.I.M.E., A.S.M.E., A.I.E.E.; Ambrose Swasey, C. N. Lauer. 
No award. 

Alfred Nobel Prize, for most meritorious technical paper published 
by participating societies; Am.Soc.C.H., A.I.M.E., A.S.M.E., 
A.I.E.E., Western Society of Engineers; Arthur M. Greene, Jr. 
Award for 1935 pending. 

Washington Award, for advancing human progress through engi- 
neering; Am.Soc.C.E., A.I.M.E., A.S.M.E., A.I.E.E., Western 
Society of Engineers; Geo. F. Gebhardt, C. B. Nolte. Award for 
1935 to Ambrose Swasey. 


NATIONAL MANAGEMENT COUNCIL 


During the past year the National Management Council has been 
engaged primarily in plans for American participation in the Sixth 
International Congress for Scientific Management, held in London, 
England, July, 1935. The A.S.M.E. Management Division cooper- 
ated in this effort. The Congress was reported as being highly suc- 
cessful with an attendance of over 2000. The American management 
bodies were represented by five, all members of the A.S.M.E. The 
next International Management Congress will be held in the United 
States in 1938. 

The informal suggestion from the National Management Council 
resulted in the planning and organizing of a series of nine meetings 
in the Metropolitan area under the joint auspices of the Sections 
of societies and associations concerned with management problems, 


Respectfully submitted, 


J. A. PIAcITELuI, 
C. W. LyTLE 


\asane Representatives 
H. V. Cons 
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NATIONAL RESEARCH COUNCIL 


DIVISION OF ENGINEERING AND INDUSTRIAL RESEARCH 


In the Division of Engineering and Industrial Research there are 
four main research projects in which steady progress is being made: 
highway research; electrical insulation; heat transmission; and 
welding research. 

Highway Reséarch. The Highway Research Board held the largest 
meeting of a series of 14 annual meetings on December 6 and 7, 1934. 
The registered attendance was 383 against 314 for last year and 282 
for 1932. From the program of this meeting 20 papers have been 
selected for publication in the Proceedings of the Board which will be 
issued later (in an edition of 2000 copies). In addition the Board 
issues Highway Research Abstracts (mimeographed) ten times during 
the year for the presentation of information concerning important 
unpublished research work. 

Among its active projects are: 


(a) Investigations on the use of high-elastic-limit steel for concrete 
reinforcement 

(b) The warping of concrete pavement slabs 

(c) The stabilization of the surface of low-cost-type roads 

(d) Studies on highway costs in relation to economic planning, 


Electrical Insulation. The Committee on Electrical Insulation held 
its seventh annual meeting on October 25 and 26, 1934, at the Uni- 
versity of Illinois with an attendance of about 90. Nineteen techni- 
cal papers were presented dealing with current investigations on 
the theory and practice of electrical insulation. These papers have 
been published (in planographed form) for the committee with the 
assistance of the Brooklyn Edison Company. 

Annual meetings of this Committee are now recognized as very 
useful occasions for the exchange of information in regard to current 
research in this country on dielectrics. In addition to publishing the 
papers at these meetings, the Committee has sponsored the prepara- 
tion of a series of four monographs (published commercially) the 
last of which will be issued next spring. These monographs deal with 
“The Nature of a Gas,’’ ‘‘Liquid Properties of Glass,’’ ‘‘Liquid Di- 
electrics,’”’ and ‘“‘Impregnated Paper Insulation.” 

Heat Transmission. The Committee on Heat Transmission has 
sponsored the preparation of a second treatise on heat insulation 
which will be prepared by E. C. Rack, of the Johns Manville Corpora- 
tion, and is expected to be issued early in 1936. This new volume, 
together with the book on ‘‘Heat Transmission’”’ of Prof. W. H. Mc- 
Adams, of the Massachusetts Institute of Technology, issued in 1933, 
will provide a complete review of present knowledge of the transmis- 
sion and conservation of heat. 

Welding Research. The Committee on Fundamental Research in 
Welding held its fourth annual conference in New York on October 2, 
1934, with an attendance of 42. The object of this Committee is to 
place welding engineers in touch with university physicists and metal- 
lurgists who can undertake research on fundamental problems en- 
countered in the fusion of metals in welding, particularly iron and 
steel. Ten special reports were completed during the year, by col- 
laborators with this committee and the committee is in touch al- 
together with some 66 research projects now in progress in university, 
governmental, and industrial laboratories. 

Cooperation With the Science Advisory Board. The Division of 
Engineering and Industrial Research has also materially assisted the 
Science Advisory Board of the National Research Council throughout 
the year by maintaining contacts with government officials in the 
Department of Commerce. The Director of the Division has made 
frequent trips to Washington and has been closely in touch with a 
number of governmental agencies which are concerned with progress 
of industrial research. 


Respectfully submitted, 


Davi S. JAcoBus 
F. Matcotm Farmer 7 A.S.M.H. Representatives 
Bert HouGHTron 


UNITED ENGINEERING TRUSTEES, INC. 


The United Engineering Trustees, Inc., has three departments, 
The Engineering Foundation, the Engineering Societies Library, and 
the Administrative. 

Under By-Laws revised in 1934, operations have been greatly 
simplified and clarified. The newly created Real Estate Committee 
has functioned efficiently in matters outside the technical operation 
of the Engineering Societies Building. It has cooperated in many 
ways with the Finance Committee, thereby distributing the heavy 
responsibilities placed upon a few men already overloaded by their 
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professional interests. Distinct progress has been made toward the 
initiation of another permanent committee for the purpose of raising 
funds by gift, deed, bequest, or other method, ‘‘for the furtherance of 
research in science and engineering or for the advancement in any 
other manner of the profession of engineering and the good of man-~ 
kind.” 

The corporation continues as treasurer for the Professional Engi- 
neers’ Committee on Unemployment and has recently accepted ap- 
pointment as treasurer for Engineers’ Council for Professional De- 
velopment, thus further serving the profession and its interrelated 
organizations, and fulfilling the purpose of its creation by the Founder 
Societies. 

Members of the governing bodies of the Founder Societies and offi- 
cers of their joint functional organizations met on the evening of 
May 20 and heard progress reports of the many projects which are 
operated jointly by the Founder Societies. The benefit of social con- 
tact by members of these groups was felt to be an important factor in 
tending to knit together more firmly the entire profession, through 
better understanding of the work and objectives of the different 
groups of joint activities of the Founder Societies. 

Important improvements are being made in the public-address 
system in the Engineering Auditorium in order that it shall represent 
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the ultimate in service to its users. This new system, coupled with 
our motion-picture projectors will make possible sound and color 
pictures in the auditorium, and should prove attractive to Society 
users and patrons and bring additional engagements. Seats have 
been added on the main floor of the auditorium thus increasing com- 
fort by the more judicious use of space. Windows throughout the 
Engineering Societies Building have been repaired to prevent drafts 
and discomfort to the occupants of the offices, at the same time con- 
serving steam, and the physical property. 

The several departments of United Engineering Trustees, Inc., have 
remained within their budgets which were made on a most conserva- 
tive basis. The income from the Engineering Societies Building 
activities was at a minimum owing to the continued reduction on 
a most conservative basis. 

Full statistical and detailed reports on the activities of the United 
Engineering Trustees, Inc., is presented to the Societies in the An- 
nual Reports of the President and the General Manager in October 
of this year. 

Respectfully submitted, 


D. Ropert YARNALL A.S.M.E. 
WALTER RAUTENSTRAUCH Ripeeccntioes 
Haroup V. Cors \ P 


Service Rendered by the Office of the Society 


The function of the office of the Society is to perform the regular 
duties connected with the many committee activities of the Society, 
to serve as a service bureau to the members and on behalf of the mem- 
bers as a service bureau to the public, in so far as facilities and 
resources permit. In general, the office staff keeps the books, main- 
tains an accurate address record, edits the publications, secures the 
advertising, and maintains contacts with the Local Sections, Profes- 
sional Divisions, Student Branches, and Technical Committees, 
all under the policy direction of the Council. In detail, however, 
the activities of the office are complicated. To aid in understanding 
them the following brief statement is given as an indication of the 
volume of work being performed in each group. 

Secretary’s Department (8): Secretary and two assistants. 

Supervision. Coordination. Contacts with joint bodies. Direct 
service to the Council, Executive Committee, and Special Com- 
mittees. ? 

Field Department (12): Assistant Secretary and eleven assistants 
nine in New York, one in Chicago, one in Tulsa. 

Seventy-one Local Sections (visited 38 in 1935), correspondence, 
speakers lists, appropriations. 

Seventeen Professional Divisions (with about 60 subcommittees), 
six National Meetings. 

Annual Meeting, 50 sessions, 105 authors, 60 committee meetings. 

Semi-Annual Meeting, 20 sessions, 42 authors. 

One hundred and thirteen Student Branches (visited 48 in 1935), 
3300 applications for student membership; 10 district confer- 
ences. 

Admissions, 2000 applications requiring 6000 communications, 340 
resignations. 

Employment, Engineer’s National Relief Fund, Professional En- 
gineers’ Committee on Unemployment, Engineering Societies 
Employment Service. 

Special Duties, technical inquiries, foreign visitors, awards, Max 
Toltz Fund, Freeman Fund, handling cases of 6240 dropped or 
suspended members. 


Editorial Department (6): Editor, five full-time assistants, two part- 
time. Twenty-one hundred pages in Mechanical Engineering 
text and Transactions (including Journal of Applied Mechanics 
and Student Branch Bulletin), edited, styled, proofread, and 
published. Reports of Committees, Codes, etc., and special- 
meeting printing. 

Advertising and Sales Department (16): Advertising manager, three 
sales representatives, seven on production of Mechanical Engi- 
neering advertising and Catalog including promotion, special 
service, layout, proof checking, publishing, and billing. Sepa- 
rate distribution list of 14,000 for catalog. 

Publications Sales (4): Sales of codes, reports, reprints, ete. 

Technical Committee Department (6): Assistant Secretary and five 
assistants. 4 

Four hundred and thirty-nine Committees and subcommittees of 
Boiler Code, Power Test Codes, Standardization, Safety, and 
Research. Follow-up and publication of reports. Committee 
meetings, etc. , 

Relations with American Standards Associations, International 
Electrotechnical Commission, etc. 

General Office (22): Office manager in charge. 

Accounting (3): 15,000 individual accounts, 200 commercial ac- 
counts, 30,000 individual cash receipts annually, 5000 checks 
written annually. 

Shipping, stores, and mail (4): 250,000 pieces of mail received, 
‘8400 orders for publications, badges, etc. handled. 

Addressograph and mimeograph (4): 16,000 address plates, 8000 
changed each year; 30,000-40,000 address imprints per month; 
50,000 copies from 250 stencils each month. 

Filing (2). 

General clerical and stenographic (8): master address record, 
14,000 names, reception (800 visitors per month), stencil cutting, 
mail opening, etc. 

C. E. Davis, Secretary 


Depositories for A.S.M.E. Transactions in the United States 


OUND copies of the complete Transactions of The Ameri- 

can Society of Mechanical Engineers will be found in the 

libraries in the United States and other countries which are 
listed on the following pages. 


Alabama 
Avi buEDa dente ore Engineering Library, Alabama Poly. Inst. 
Birmingham...... Public Library 
Arkansas 
Fayetteville...... Engineering Library, Arkansas University 
California 
Berkeley......... Library, University of California 
Long Beach...... Public Library 
_Los Angeles...... Public Library 
University of Southern California 
Oakland eer. seca. Oakland City Library 
Teachers’ Professional Library 
Pasadena... se. 2. Library, California Institute of Technology 
Santa Clara...... Library, University of Santa Clara 
San Diego........ Public Library 
San Francisco. ...Public Library (Civic Center) 


Engineers Club of San Francisco 
Mechanics Institute 
Stanford Univ....Library, Stanford University 


Colorado 
Boulder..........Library, University of Colorado 
IDONVEL sie = wyscess re Public Library 
Fort Collins...... Colorado State Agricultural College 
Connecticut 
Bridgeport....... Public Library 
Hartiord. asco Public Library 
New Haven...... Public Library and Yale University 
Waterbury....... Silas Bronson Library 
Delaware ; 
INewarkiers so. University of Delaware 
Wilmington...... Wilmington Free Institute 
District of Columbia 
Washington...... Scientific Library, U. S. Patent Office 
Library of Congress 
Bureau of Standards Library 
George Washington University 
Catholic University 
Florida 
Gainesville....... University of Florida 
Jacksonville...... Free Public Library 
Mita) sy eus tenet Public Library 
Tampaeccac cece 3 Public Library 
Georgia ; 
PAL ANUS am-o. 5 crevee Carnegie Public Library 
Georgia School of Technology 
Savannah........ Public Library 
Idaho 
IMLosco wine ieee University of Idaho 
Illinois 
@hieagor. sumac John Crerar Library 
Western Society of Engineers 
Lewis Institute of Technology 
Library, Armour Institute of Technology 
Public Library of Chicago 
Moline...........Public Library 
Urbana. cncu.os University of Illinois 
Indiana 
Evansville....... Public Library 
Fort Wayne...... Public Library 
Indianapolis...... Public Library and Indiana State Library 
Notre Dame..... Library, University of Notre Dame 
Terre Haute..... Rose Polytechnic Institute 


West Lafayette... Library, Purdue University 


Towa 
Ames............lowa State College 
Des Moines...... Public Library 
Towa Cityacnsin. cx State University of Iowa 
Kansas 
Kansas City...... Public Library, Huron Park 
Lawrence........ Library, University of Kansas 
Manhattan....... Kansas State Agricultural College 
IWiachitaiccrmeicscusts Wichita City Library 
Kentucky 
WhexanN eStOMen eae University of Kentucky 
Louisville. s,s os, Speed Scientific School 


University of Louisville 
Louisiana 
Baton Rouge..... Louisana State University 
New Orleans..... Howard Memorial Library 
Louisiana Engineering Society 
Public Library 
Tulane University 
Maine 


Oronorpeenen te University of Maine 
Maryland 
Annapolis........ United States Naval Academy 
Baltimore........Johns Hopkins University 
Engineers Club of Baltimore 
Public Library 
Massachusetts 
Bostonincrrsciet Engineering Societies of New England 


Northeastern University 
Boston Public Library 


Cambridge....... Harvard University (Engineering Library) 
Massachusetts Institute of Technology 

FalluRiverce. sce Public Library 

Lowell ... Lowell Textile Institute 

Tayrnida een cites Free Public Library 

New Bedford.... . Free Public Library 

Springfield....... Springfield City Library 


Tufts College. .... Tufts College 

Worcester......:. Worcester Polytechnic Institute 
Free Public Library 

Michigan 

AmmnvAT borane eases University of Michigan 

Wetrolthia.awec Public Library 
Cass Technical High School 
Highland Park Public Library 
University of Detroit 


East Lansing..... Michigan State College 
Blin Spencer Public Library 
Grand Rapids... .Public Library 
Houghton........ Michigan College of Mining & Technology 
VaCksOn aye Public Library 
Minnesota 
IOAN Ae oon Ko Public Library 
Minneapolis...... University of Minnesota 
Minneapolis Public Library (Engineering 
and Circulating Libraries) 
StPaulinn cst James Jerome Hill Reference Library 
Mississippi 
State College..... Mississippi State College 
Missouri 
Columbian ate University of Missouri 
Kansas City...... Public Library 
Rolla wei acias feta Missouri School of Mines and Metallurgy 
Sta MOuls sear sie Engineers Club of St. Louis 
Public Library 
Washington University 
Mercantile Library 
Montana 
Bozeman.........Montana State College 
Nebraska 
LANCOME ae University of Nebraska 
Omabesrietitny use & Public Library 
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Nevada 


New Jersey 


Bayounea see: 
Camdeniyne cae 
Elizabeth........ 


Jersey City...... 
Newarktocnecn: 


New Brunswick. 
Paterson cae rice 
Princeton........ 
Tren toncye ccc 


New York 


Al banyene sce 


Jamaica, L.I..... 
New York....... 


North Carolina 


Chapel Hill...... 


ial organernertior 


North Dakota 


Ohio 


TICK toe erneeve Aiea te 


Dayton wai. se 
ROLOGOz as sec cree 


Youngstown..... 


Oklahoma 


NORMAN ace 
Oklahoma City. . 
Stillwater........ 


Oregon 


University of Nevada Library 


University of New Hampshire 


Free Public Library 
Free Public Library 
Free Public Library 
Stevens Institute of Technology 
Free Public Library 
Newark College of Engineering 
Free Public Library 


. Rutgers University 


Free Public Library 
Princeton University 
Free Public Library 


New York State Library 
Polytechnic Institute 

Pratt Institute 

Brooklyn Publie Library 

The Grosvenor Library 
Engineering Society of Buffalo 
Buffalo Public Library 

Cornell University 

Queens Borough Public Library 
Engineering Societies Library 
Public Library 

College of the City of New York 
Cooper Union 

Columbia University 

New York Museum of Science and Industry 
New York University Library 
Clarkson College of Technology 
Rochester Engineering Society 
Union College 

Syracuse University 

Public Library 

Rensselaer Polytechnic Institute 
Public Library 

Public Library 


University of North Carolina (Engineering 
Library) 
North Carolina State College 


North Dakota State Agricultural College 
University of North Dakota 


Ohio Northern University 
Public Library 

University of Akron 

Public Library 

University of Cincinnati 
Public Library 

Engineers Club of Cincinnati 
Public Library 

Case School of Applied Science 
Cleveland Engineering Society 
State of Ohio Library 

Public Library 

Ohio State University 
Engineers Club of Dayton 
Public Library 

University of Toledo 

Public Library 


Oklahoma University 


.Public Library 


Oklahoma Agricultural and Mechanical 
College 
Public Library 


Oregon State Agricultural College 
Portland Library Association 
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Pennsylvania 


Allentown....... 
Bethlehem....... 
Was tone acieetce: 


Lewisburg....... 
Philadelphia. .... 


Pittsburgh... ..- 


Readingie anne. = 
Scrantonn ss. 56 
State College..... 
Swarthmore...... 
Villanovacnunes 
Wilkes-Barre..... 


Rhode Island 


Kan gston ees 
Providence....... 


South Carolina 


Clemson College. . 


Tennessee 


Texas 


Utah 


Kingsport........ 
Knoxville........ 
Memphis........ 


Salt Lake City. . 


Vermont 


Burlington....... 


Virginia 


Blacksburg....... 
Charlottesville. .. 


Washington © 


Pollan. acer 
Seattlenctia ccs: 


Spokane......... 
Tacomauains. ce. 


West Virginia 


Morgantown..... 


Wisconsin 


Wyoming 


Wuaranie seca ee 


.Free Library 


. .Agricultural & Mechanical College of Texas 


f 


Lehigh University 

Public Library 

Lafayette College 

Public Library 

Bucknell University 

Engineers Club 

Drexel Institute 

The Free Library 

University of Pennsylvania 
Franklin Institute 

University of Pittsburgh 
Engineers’ Society of Western Pennsylvania 
Carnegie Institute of Technology 
Carnegie Library (Schenley Park) 
Carnegie Free Library of Allegheny 
Public Library 

Public Library 

Pennsylvania State College 
Swarthmore College 

Villanova College 

Public Library 


Rhode Island State College 
Brown University 

Providence Engineering Society 
Public Library 


Library, Clemson College 


Public Library 
University of Tennessee 
Goodwin Institute 
Vanderbilt University 


University of Texas 


Public Library 
Southern Methodist University 
Public Library 
Carnegie Public Library 
Rice Institute 


Public Library ; 
Texas Technological College (School of 
Engineering) ; 


Carnegie Library 


. University of Utah 


Public Library 
University of Vermont 


Virginia Polytechnic Institute 


. University of Virginia 


Public Library 
Virginia State Library 


State College of Washington 
Public Library 

Engineers Club 

University of Washington 
Public Library 

Publie Library 


West Virginia University 


Library, University of Wisconsin 

Public Library 

Board of Industrial Education, Vocational 
School Library 

Marquette University 


Wyoming University 
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United States 


Argentine 
Buenos Aires..... Biblioteca de la Sociedad Cientifica 
Australia 
Adelaide... 5.25. Public Library of Adelaide 
Melbourne....... Public Library of Victoria 
Porth jsenc + temieias University of Western Australia Library 
Sydney aacsace nn Public Library, N. S. W., Sydney 
Belgium 
IOUV ange = sire. or University of Louvain 
Brazil 


Rio de Janeiro.... Bibliotheca da Escola Polytechnica 
Bibliotheca Nacional 


Saoseauloswan sacs Bibliotheca da Escola Polytechnica 
Canada 
Montreal........ McGill University 
Engineering Institute of Canada 
MORON} 6 s5 e003 University of Toronto, Library 
Chile 
Santiago.. wae © Universidad de Chile, Facultad de Ciencias 
Fisicas y Matematicas (Engrg. School) 
China 
Pemp IN ower rsreiccs cuts College of Technology of Peiping University 
Cuba 
EV avr areretetetersia state Cuban Society of Engineers 
Czechoslovakia 
ELA TUCO ao aersieyee Masarykova Akademie Prace 
Society of Czechoslovak Engineers 
Danzig Free City........ Bibliothek der Technischen Hochschule 
Denmark 
Copenhagen...... The Royal Technical College 
England 
Birmingham...... Birmingham Public Libraries 
(Bristol is eas University of Bristol 
Cambridge....... University of Cambridge 
CCAS: nicoe ee: 8 University of Leeds 
Piverpool.,...... Public Library of Liverpool 
Liverpool Engineering Society 
Pondone ae erie tae City & Guild Engineering College 
Institution of Automobile Engineers 
Institution of Mechanical Engineers 
Institution of Civil Engineers 
Institution of Electrical Engineers 
The Junior Institution of Engineers 
The Royal Aeronautical Society 
Manchester...... Manchester Public Libraries (Reference 
Library) 
Oxfordigks angers < University of Oxford 
Newcastle-upon- ‘ : 
MPT Srevenete eis vr The North East Coast Institution of Engi- 
neers and Shipbuilders 
Sheffield......... Sheffield Public Libraries 
Wales 
@ardifics.. -jccterats Cardiff Public Library 
France 
NGVOUS ae tetas sees University of Lyons j 
IPATIS Vorccecye ms s1s.5 Ecole Nationale des Arts et Metiers 
Ecole Nationale Supérieure de L’Aeronau- 
tique 
¥ecole Centrale des Arts et Manufactures de 
Paris 
Société des Ingénieurs Civils de France 
Germany 
Berlinc sc etd fen sce Verein deutscher Ingenieure 
Bibliothek der Technischen Hochschule 
Breslau’. cece: ee. Bibliothek der Technischen Hochschule 


Germany (Continued) 


Hanover. - eae 
Karlsruhesserrrrr 
Leipsicion. oc eo 
Mramnieheee oe 
Stuttgart. . oc. 240. 


Hawaii 


The Hague...... 
Rotterdam...... 


India 
Bangalore........ 
Calcuttaneneee nee 


Ireland 
Belfast®-. eae 


Italy 


Yokohama....... 


Mexico 


Mexico City..... 


Norway 
Oslo Nese cc Neue: 
Poland 
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Porto Rico 
Mayaguez....... 
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Technische Zentralbibliothek 
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Stadtbibliothek 


. Bibliothek der Technischen Hochschule 


Bibliothek des Deutschen Museums 
Bibliothek der Technischen Hochschule 


University of Hawaii Library 


Koninklijke Akademie von Wetenschappen 
Bibliotheek der Technische Hoogeschool 


. Koninklijk Instituut van Ingenieurs 
. Nationaal 


Technisch Scheepvaartkundig 
Institut 


Mysore Engineers Association 
Bengal Engineering College 
Poona College of Engineering 


.. University of Rangoon 


Queen’s University of Belfast 
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Kobe Technical College 

Imperial University Library 

The Society of Mechanical Engineers 
Library of Yokohama 


Asociacion de Ingenieros y Arquitectos de 
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Bibljoteka Publicazna 
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The author presents in this paper the essential mechani- 
cal features and power requirements of textile-printing 
smachines. Among the mechanical features the author 
discusses and compares the design and assembly of the 
“principal parts of new- and old-type machines and gives 
‘the relation between printing speeds and types of fabrics 
"being printed. Regarding power requirements, the paper 
‘includes (@) reasons for the application of electric-motor 
drives, (b) an analysis of a-c and d-c motor drives, and 
(c) the effect of both types of drive and their control 
apparatus on the product of the machines and on the 
operating cost of the plant. Operating test data obtained 
»on textile-printing machines in normal operation are pre- 
sented in the appendix. 


} INTRODUCTION 


ww NEXTILE printing may be defined as the art of applying 

colors to the surface of fabrics to form patterns of various 

designs. Printing is not a form of dyeing, as dyeing is a 
»process by which the fabrics are completely saturated by passing 
them through a bath in which dyestuff and chemicals have been 
added in correct proportions and under proper temperature. 
in printing, heavier pigment colors are applied only to the 
surface of the goods. 

Prior to the development of printing machines, there were 
»ther methods by which a color design could be transferred to 
sloth. Probably the oldest method was hand block printing. 
‘This is extremely slow and expensive, although very fine and 
‘urtistic work has been done on silk and other fabrics, and some 
-esults were obtained which have never been reproduced by 
jsther methods. There is also the well-known present-day 
method of screen printing which produces artistic combinations, 
out due to the fact that the character of the patterns is limited, 
he work is all done by hand, which naturally makes the daily 
roduction low and the unit cost prohibitive in a great many 
1ases. 

The first printing machines were equipped with hardwood 
dlocks instead of engraved copper rolls. While this was more 


1 Consulting Engineer, Newark, N. J. Also in charge of en- 
»sineering, National Dyeing and Printing Company, Paterson, N. J. 
‘Mem. A.S.M.E. Mr. Hope attended Virginia Polytechnic Institute 
or three and a half years, and was graduated from Brooklyn Poly- 
~echnic Institute in 1907 with the degree of electrical engineer. He 
“vas employed in the engineering department of the New York Tele- 
‘shone Company from 1907 to 1919, but served during 1918 and 1919 
ss Captain of Chemical Warfare, U. S. A. Since 1919 he has been 
‘lajor of the Engineering Corps. (Res.) U.S. A. Between 1919 and 
923 Mr. Hope was in active charge of the design, construction, and 
) peration of the plant and equipment of the Duratex Corporation, 
“Newark, N. J. Since 1923 he has been engaged in his present capaci- 
‘ies and in other activities connected with various branches of 
extile industries. 

Contributed by the Textile Division and presented at the Annual 
Meeting of Tum American Socinry oF MrcHANICAL ENGINEERS 
‘ield in New York, N. Y., December 2 to 6, 1935. 

Discussion of this paper should be addressed to the Secretary 
)A.S.M.E., 29 West 39th Street, New York, N. Y., and will be ac- 
epted until April 10, 1936, for publication at a later date. 

Nots: Statements and opinions advanced in papers are to be 
-inderstood as individual expressions of their authors, and not those 
f the Society. 
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Power Requirements and Mechanical Fea- 
: tures of Textile-Printing Machines 


By R. DEVERE HOPE,! NEWARK, N. J. 


rapid than hand printing, the results obtained were not as good 
as the hand work. This method is still used to some extent for 
printing on oilcloth, linoleum, and carpets. 

Surface printing in relief and offset printing by machine has 
been almost universally adopted for wall paper, newsprint, and 
magazine work. 

The early machines were driven by a belt and pulley, operating 
through a clutch. This drive remained for a long period but was 
never satisfactory. Whenever the printer found it necessary to 
jog the machine he performed the operation by slipping the 
clutch. If more than one speed were required it was necessary 
to stop the machine, change the lapping on the pulley, or change 
the pulley itself on the line or jack shaft. 

Cone pulleys and idlers were used later to obtain variable 
speeds. While this arrangement was an improvement, it did 
not eliminate belt slippage. When the belts were tightened, the 
sudden jerk in starting not only racked the machine but also 
caused bad work, and occasionally resulted in breakage. 

From the foregoing experience, it was only natural that the 
machine builders should decide that the proper drive for print- 
ing machines was one direct-connected and self-contained. A 
special slide-valve reciprocating steam engine known as the 
“angle” or “side hill’? engine was finally built which provided 
a positive and variable drive. This met most of the requirements 
at the time and hundreds of such engines were sold, many of 
which are in operation today. Change of speed was accom- 
plished by operating the steam throttle. This eliminated the 
jerk at starting and afforded continuous and smooth running. 
However, the high steam pressure necessary to operate this en- 
gine resulted in high maintenance costs and objectionable steam 
leaks. Another disadvantage of the steam engine resulted from 
the fact that the exhaust steam from the engine, which was used 
for drying, frequently carried cylinder oil, and thus prevented 
rapid elimination of water from the cans. In spite of these 
drawbacks, however, the individual steam-engine drive was 
considered very practical until superseded by the electric motor. 

The earlier motor installations used belts for transmitting 
power between the motor and printing-machine shafts. How- 
ever, these were replaced rapidly by gear and chain drives. 


EssENnTIAL Features oF MACHINES 


The essential features which contribute more than anything 
else to the successful operation of textile-printing machines and 
which will result in perfectly registered and well-defined patterns 
on a large variety of styles and many different weaves of cloth 
are (1) the application of correct engineering principles, and 
(2) the assembly of the machine parts in such a manner as to 
eliminate interference in these parts. 

Correct engineering principles of machine design must take 
strength and rigidity into consideration as well as the proper 
relationship between materials from which the various machine 
parts are made. All steel parts must be heat-treated to reduce 
to a minimum crystallization and failure by fatigue. Metal- 
lurgy and specimen testing play effective parts in proper design. 
The driving arrangement also must be strong and rigid. An 
improperly designed and poorly constructed drive is frequently 
responsible for delays and spoilage of many yards of cloth. 
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Such a condition will discourage the best operator. In view of 
the fact that the machine must be operated over a wide range 
of speeds, it is essential that the drive be designed and built in 
such a manner as to have sufficient power available to make the 
operation positive and reliable at any speed. 

In assembling the machine parts every facility must be pro- 
vided for adjusting the pressure of nips, changing rollers, and 
color pans or boxes. Occasionally, the difficult task of changing 
the printing blanket must be undertaken. 

The most important details of proper design and assembly 
are as follows: 

1 The use of one size of roller which may be changed for 
another with little trouble. This is accomplished by arranging 
the nip with compound slides and large nip plates. Perfect 
variable traverse motion for the color doctors is also essential. 

2 The use of bearings for the drives or bowl. Proper drives 
for simultaneously raising and lowering the bowl by means of 
screw-bevel worm gears naturally must be considered. The 
teeth of the star-and-box wheel should be machine-cut and of 
such shape as to allow for working either light or deep in the 
gear to suit the various sizes of rollers. 

Printing machines are made in sizes varying in width from 
36 in. to 50 in. and for printing from one color to sixteen colors. 
Based on rollers having a circumference of 16%/, in. they may be 
divided into three general classes: (1) Machines for printing 
on silk; (2) machines for printing on artificial fabrics; and (3) 
machines for printing on cotton. 

Machines designed for printing on pure silk are generally 
geared for maximum speeds of from 50 to 60 yd per min. While 
both dry towers and dry cans are used, many printers believe 
that the circulation of hot air in the tower causes the pattern 
to stand out and produces a better product than when the drying 
is done on cans. Silk printing does not require a heavy set on 
the rollers. The slow maximum speed of 60 yd per min generally 
will only require a speed variation of 3 to 1. Some operators, 
however, demand a range of 4 to 1. The threading speed 
should be 50 per cent of the lowest operating speed, that is, 
5 to 10 yd per min. 

In printing acetates and other artificial cloth, the speed range 
is about the same as for silk. Heavier sets on the roller are neces- 
sary for the proper penetration of color, and consequently more 
power is required to operate the machines. Threading speeds 
for acetates must be as slow as for printing on silk, about 10 yd 
per min, for example, and the machine must be able to “inch” 
or “iog.”? 

The first application of color by machine printing was on 
cotton. Cotton can be run at maximum speeds of 90 to 110 yd 
per min, and in the majority of cases, dry cans or cylinders are 
used for drying. On account of very high speeds a larger number 
of cans is required than found necessary for printing silk and 
artificial fabrics. About 10 to 15 per cent of the total power 
used for driving cotton-printing machines is consumed in driving 
the drying equipment. On light set, the running is similar to 
silk since in most cases through penetration is not attempted. 
Speed ranges are seldom less than 3 to 1 and in some cases 
printers insist on ranges of 5 to 1 and 6 to 1. The threading 
speed for cotton is usually 30 to 50 per cent of the lowest oper- 
ating speed. 


Motor EQuIPpMENT AND PRINTING SPEEDS 


Machines geared for producing printed cloth at the rate of 


60 yd per min or less should not use motor speeds higher than _ 


1400 rpm due to the high ratio of chain-gear drive. Drives re- 
quiring higher speeds, such as those necessary for printing cotton, 
may go to motor speeds of 1600 rpm without any mechanical 
difficulty. 


The chief reason for the application of electric motors to textile 
printing machines is to obtain certain desirable features which 
were not obtainable with other types of drives. Quick stopping 
is not only desirable, but is an economical necessity. With 
direct-current motors this is accomplished by dynamic braking. 
With alternating-current motors, quick stopping is accomplished 
by either plugging or solenoid brakes. Plugging, or phase re- 
versing, is in effect changing the direction of rotation of the 
motor and has been considered preferable to the solenoid method. 

Predetermined speed setting is another desirable feature. 
This means that the machine operator may slow down or stop, 
then accelerate to the set predetermined operating speed and 
the machine will always be in register at that speed. 

There is a wide variety of motors which have been found 
satisfactory for this type of work. The standard constant- 
torque type is frequently used, but actual tests indicate that 
the required power at low speeds is somewhat greater than a 
direct proportion to the decrease in speed. In other words, a 
50 per cent reduction in speed would require more than a 50 
per cent reduction in power. 

Control circuits and equipment are now developed to such an 
extent that the machines are practically automatic. 
start switches are used to energize various relays in the cir- 
cuit, and these relays start control apparatus working, which in 


turn regulates the motor and finally the speed of the machine. — 
No machine could be considered properly equipped without hay- — 


ing “stop,” “jog or inch,” “slow,’’ and “‘fast’’ controls. When 
more than one control station is used a ‘‘safe” lock should be 
provided. Many painful and serious accidents have occurred 
due to the omission of this safety device. 

With the earlier motor installations, difficulty was experienced 
in obtaining stable speed operations when low threading speeds 
were required. This, however, has been overcome in newer 
equipment by placing series resistance in the power circuit. 
This arrangement limits the tendency of series characteristics or 
reduced speed with increased load. The speed-load curve is 
practically flat except at the approach of excessively high loads, 
at which point the speed has a tendency to drop slightly. In 
some cases with very heavy sets, it is impossible to start the 
motor. Control equipment can be arranged so that part of the 
series resistance is cut out when such conditions occur. Re- 
cently, a new control circuit has been devised which will stabilize 
this condition to a large extent, even’ when threading at speeds 
as low as 20 per cent of normal low speeds. 


TABLE1 HORSEPOWER RATINGS FOR TEXTILE-PRINTING 
MACHINES 


-—Horsepower ratings for printing on—~ 


No. of Artificial 
colors Silk cloth Cotton 
2 10 15 15 
3 15 20 20 
4 20 20 25 
6 25 25 25 
8 25 30 30 
10 30 30 40 
12 30 40 40 
14 40 40 50 
16 40 50 50 


Horsepowers listed in Table 1 may be regarded as representa- 
tive for textile-printing machines. They are proper averages 
taken from a large number of installations. 

The comparison between old- and new-type printing machines 


given in Table 2 shows the progress which has been made in ~ 
The new improvements came into effect with the — 
advent of new color combinations and practically unlimited — 


recent years. 


possibilities in pattern design. In the earlier days of calico 
printing, the machine would be set for a pattern combination 


and would often run at top speed for several days, during which — 


time the operator’s chief duties were to add color to the pans 
and see that the doctors were properly adjusted. 


Stop-and- — 


TEXTILE 


TABLE 2 COMPARISON OF OLD- AND NEW-TYPE MACHINES 


Old design 


1 Fitting gears were plain cast 
iron, with no safety flanges. 
Bronze worm gears and no 
locking devices. 


2 Babbitt or bronze liners in the 
driving box. 


3 Traverse motion driven by two 
pairs of bevel gears from the 
cylinder shaft. 


4 Traverse rods with brass con- 
nections, and no means of 
taking up wear. This con- 
dition sometimes caused 
chattering and lost motion 
in the doctors. 


5 Blanket roll was sometimes 
used to drive the traverse 
motion, and this drive was 
always carried in plain open 
bearings. 


6 Leader rolls of wood running 
in open-type bearings. 


7 The drag rollis usually the first 
nip. This means tying up a 
mandrel and a roller, and de- 
prives the printer of the use 
of the first nip for color work. 


8 Mandrel collars take thrust by 
metal-to-metal contact, de- 
stroy lubrication, and cause 
excessive wear on mandrel 
liners. 


9 Color pans have perishable 
wooden base-boards. 


10 Mandrels are mostly carbon 
steel with plain turned 
bodies. 


11 Star gears of assorted sizes are 
required to match different 
sizes of rollers. 


12 Driving units frequently used 

\ belts or gears, and many 
such drives take up more 
space than the machine 
itself. 


13. Back-riggings usually were con- 
structed crudely, and the 
drying tower was sometimes 
nothing more than a box 
filled with rollers and steam 
coils. 


New design 


Safety-type semi-steel gears, with 
protecting flange. Five-thread 
worms with renewable wearing 
rings. Steel worm gear with 
locking devices on the nuts. 


Antifriction-bearing 
for _ self-aligning 
lubricated. 


arrangements 
and Alemite 


Traverse motion much simplified 
driven by chain and sprockets 
from main drive shaft. Facili- 
tates greatly the changing of a 

anket. 


Universal ball-and-socket design 
with adjustment to take up wear, 
and lost motion, and so induce a 
smooth even motion in the doc- 
tors. 


An ingenious design incorporated 
in the new traverse motion, which 
is carried in internal antifriction 
bearings. 


All rolls contacting the blanket now 
have turned-steel pipe bodies. 
The rolls contacting printed goods 
or greys have brass tube bodies. 
Each roll has antifriction bearings 
in Alemite lubricated, self-align- 
ing housings. This condition 
causes less strain on blanket, 
goods, and greys. 


Lightweight drag roll with heavy 
steel body is located above No. 1 
color nip. 


External antifriction collars take the 
thrust in a more efficient manner. 


Color pans have steel base-plates 
which not only last indefinitely, 
but give better visibility to the 
other color pans and doctors on 
the machine. 


Mandrels are of chrome-nickel or 
chrome-vanadium steel, giving 
longer life and reducing deflection. 
The bodies are ground accurately 
so that rollers are easier to remove. 


The later method is to use the STS, 
similar to Rice, Barton & Fales, 
gear system, which has standard 
gear teeth, and perfect gear mesh. 
This eliminates the handling of 
star gears and makes it possible 
to have a range of 10 in. on the 
roller circumference. 


The so-called ‘“high-drive’ is a 
most compact arrangement and 
permits new machines to be placed 
so as to economize in floor area 
and yet give ample working space 
around the machine. 


The improvements which have been 
made in new drying equipment 
are numerous. The back rigging 
is constructed of heavy steel 
frames and equipped with adjust- 
able brush roll and dust box. All 
turning elements are equipped 
with ball bearings. Many drying 
towers are equipped with properly 
conditioned air and it is practi- 
cable to dry goods at the rate of 90 
to 100 yd per min. The rollers 
supporting the cloth passing 
through the drier are carried on 
ball bearings which are located on 
the outside of the drier. 


A few years ago engineering studies of machine operations 


‘were made and it was found that the actual running time was 
about 33 per cent of the working day. The remaining 67 per 
‘cent was consumed in changing patterns. Naturally, greater 
‘speeds, sometimes higher nip pressures, and above all simplifica- 
‘tion of mechanical details, were demanded. Many old machines 
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were scrapped because they could not meet the requirements of 
the changed conditions. The products of the improved machine 
are far superior, the rate of production is faster, and maintenance 
costs have been reduced greatly. 

The speed at which a printing machine can economically pro- 
duce goods depends upon a number of factors, such as the number 
of colors to be printed, texture and width of material, depth of 
engraving, the set on the rollers necessary for satisfactory print- 
ing, and the additional load which the machine itself must pull, 
such as drying cans, batches reeling off machine, and endless 
blankets. The actual production may vary from 30 yd per min 
for silk to 180 yd per min for narrow cotton. An average of 
40 yd per min for silk and artificial fabrics and 100 yd per min 
for cotton should be proper for machines equipped with not 
more than eight colors. In a plant operating with 10, 12, 14, 
and 16 color machines, the output would probably be about 
75 per cent of these figures. 


Powrr REQUIREMENTS AND EvEctric Drives 


The power requirements for printing machines are very erratic 
and practically impossible to predict with any degree of accuracy. 
Therefore, it is necessary to use a motor of sufficient capacity 
for maximum power demand. The average load is usually 
about 40 to 60 per cent of the demand. Many machines are 
undermotored because proper consideration was not given 
initially to the selection of the motor best suited for the work. 

Present-day printing requires a motor of variable speed, and 
high starting torque. While the power varies with the speed, 
the torque changes widely due to many other conditions, such 
as the number of rollers and pressure. Table 3 shows how the 
power varies only with change of pressure on the nips. 


TABLE 3 POWER VARIATIONS WITH DIFFERENT NIP 


PRESSURES 
No. of Yd per 
colors min Hp 
5 45 11.5 
5 45 23.0 
i 40 23.0 
és 46 112 


It is of historical interest to record that the first application 
of electric motors to textile-printing machines in the United 
States was made at the plant of the United States Finishing 
Company, Pawtucket, R. I., about 42 years ago. 


Typrs or Exectric Drive 


There are four principal methods of electrically driving textile- 
printing machines. These are: (1) The Ward Leonard direct- 
current method, (2) the multivoltage direct-current method, 
(3) the variable-speed direct-current method, and (4) the varia- 
ble-speed alternating-current (BTA) method. 

Ward Leonard Method. This system consists of a direct- 
current motor, a direct-current generator and exciter, and con- 
trolling device. The motor-driven exciter furnishes separate 
excitation for the shunt fields of both the generator and the 
motor. The motor field excitation is constant, while that of the 
generator is varied by means of a rheostat placed in series with 
the field current. By varying the generator field resistance, the 
voltage is changed and this produces a corresponding change in 
the speed of the motor. 

This method is outstanding where a wide range of speeds is 
employed. It is doubtful, however, whether full advantage can be 
taken of these excellent characteristics. Under ordinary circum- 
stances either the adjustable-speed direct-current motor or the 
variable-speed brush-shifting alternating-current motor has 
sufficient speed range for the majority of printing-machine 
applications. 


Multivoltage Method. In this system, as the name implies, the 
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motor speed range is obtained by impressing upon the motor 
voltages of different values. In this country, the method usually 
employs a generator operating at 250 volts and a three-unit bal- 
ancer. These units are designed for 60, 80, and 110 volts. From 
this arrangement fixed-voltage steps of 60, 80, 110, 140, 190, and 250 
volts are provided. Four wires are carried to each motor through 
controllers. This arrangement gives a speed range of 6 to 1. 
There are only a very few of these multivoltage systems still 
being used and there seems to be no valid reason for their in- 
stallation. The equipment is bulky, complicated, and expensive. 

Variable-Speed Direct-Current Method. Wherever direct cur- 
rent is available in a mill, the application of the shunt-wound 
direct-current variable- or adjustable-speed motor is the most 
suitable drive for printing machines. With the addition of the 
commutating or interpole, the stability and commutating char- 
acteristics are so much improved that it is now possible to get a 
range of speed variations sufficiently wide to meet most of the 
textile-printing conditions. This variation is achieved both by 
shunt-field and armature control. 

The speed changes may be obtained either by drum controllers 
or by automatic or semiautomatic predetermined speed controllers 
operated by push buttons. The equipment for semiautomatic 
and predetermined speed control is assembled and mounted on 
slate panels housed in steel panel boxes. 

Variable-Speed Alternating-Current Method. Several years ago 
the General Electric Company acquired the American rights to 
manufacture an adjustable-speed alternating-current motor 
known as the BTA motor. This enables printing plants which 
have only alternating-current supply to use electric drives. 
While this motor is not as flexible as the direct-current motor, 
3-to-1, and in some cases 4-to-l, speed ranges are obtainable. 
This range should be sufficient for printing and other finishing 
requirements. These motors can be procured for either two- 
or three-phase service. The control equipment for BTA motors 
may be either automatic or semiautomatic, similar to that used 
for installations of direct-current motors. 

A careful comparison of certain features of the BTA equipment 
with direct-current installations indicates that the efficiencies 
throughout the entire range of speed are high. Other charac- 
teristics, however, are not so satisfactory. The starting torque 
is lower, and the speed curve shows a drop of from 10 to 25 per 
cent with increased load. This drop is much greater than the 
drop in the interpole shunt motor equipped with stabilizing 
winding. 

The power factor of the BTA motor is very high except at 
low speeds, although at such speeds it is about 60 per cent; higher 
than other types of alternating-current motors at similar speeds. 
The leading power factor found at high speeds is a highly de- 
sirable condition in territories where utility companies penalize 
for low power factors. 

Maintenance cost is approximately the same with either the 
direct-current shunt or the BTA alternating-current motor. 
Most of the electrical maintenance items in printing-machine 
installations are in the switching gear and control apparatus rather 
than in the motors themselves. The reason for this is that the 
motors will carry higher overloads than the controls. Some 
cases are recorded where excessive interruptions have been 
improved by replacing contactor relays and other control equip- 
ment with equipment of higher capacity. 

The initial investment for direct-current-motor drives is less 
than that for BTA equipment. In cases where only alternating 
current is available, motor-generator sets or rotary converters 
may be installed to change the alternating current to direct 
current to supply the motors. However, it is not economical 
to install a motor-generator set unless the plant has at least three 
printing machines, at which point the investment is about the 


same as that for BTA motors. When there are more than three 
machines, the motor-generator set and direct-current motors are 
cheaper. 

Other types of alternating-current motors, such as the induc- 
tion, squirrel-cage, and the wound-rotor types, have been used 
occasionally, but for general practice these types are not regarded 
as being satisfactory for textile-printing machines. 

Observation of a large number of machines discloses the fact 
that in most cases the limiting factor which controls the speed 
of production is that of drying. Most drying processes are still 
done on dry cans or cylinders. While cans may be suited fairly 
well for cotton, the acetate and celanese materials are better 
when dried in machines utilizing the principle of rapidly moving 
hot air. Some companies have made or purchased drying equip- 
ment using the basic principle of impinging proper quantities of 
conditioned air for drying purposes. 

It should be remembered, of course, that drying is essentially 
a heat-consuming process and the heat necessary to change the 
moisture into vapor must be supplied solely from the air. The 
rate of drying will then depend mainly upon the rate at which 
heat is transferred to the moisture. It is the autbor’s opinion 
that many plants can increase the production from printing 
machines 35 to 40 per cent by installing modern drying equip- 
ment designed better to meet present-day requirements. 


Orner Power REQUIREMENTS IN THE TEXTILE-PRINTING 
PLANT 


While power applications for other machines and equipment 
in a finishing plant are just as important as those previously 
discussed, the requirements are of such a character that standard- 
type motors and drives can be used. 

The squirrel-cage induction motor is well adapted for a large 
variety of applications. First cost of these motors is lower 
than other types and maintenance expense is also less. It is 
necessary to estimate carefully the power requirements in order 
TABLE4 RELATION BETWEEN POWER FACTOR AND LOAD ON 

THREE-PHASE SQUIRREL-CAGE MOTORS 
—One-half load—. ———Full load 


Hp Poles Voltage Kw Pfe Kw 
1 4 220 0.53 55 0.91 83 
2 4 220 0.96 78 1.80 86 
5 4 220 2.22 76 4.35 87 
10 4 220 4.36 81 8.70 88 
15 4 220 6.16 85 13.30 92 
20 4 220 8.09 88 16.83 91 
25 4 220 10.28 ‘ 90 20.95 92 
25 8 220 10.62 75 21.00 86 
30 4 220 12.10 91 24.60 93 
40 4 220 16.32 86 32.61 92 
50 4 220 20.00 93 40.50 93 
75 6 220 30.70 80 61.00 88 
100 220 41.50 80 83.20 90 
150 8 220 55.95 84 120.00 92 
200 10 220 83.50 73 163.20 86 


2 Power factor, per cent. 


not to overmotor the machine, as such a condition would result 
in a low power factor which would add unduly to the power cost. 
Table 4 shows the relation between the power factor and load 
on three-phase squirrel-cage motors. 

An inspection of Table 4 shows the necessity of maintaining 
loads on induction motors to at least 50 per cent of the rated 
capacity in order to secure a good power factor. At this point 
it may be expedient to investigate the practical application of 
power factors. One definition of power factor gives it as the 
ratio of electric power in watts to the apparent power in volt- 
amperes, or power factor = watts/HJ. Another definition gives 
the power factor as being equal to the cosine of the angle between 
the vector representing kilowatts and the vector representing — 
kilovolt-amperes. A third definition, and the one which the 
author believes to be the most practical, gives the power factor 
as the ratio of the current producing power to the total current, 
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that is, power factor = power current/total current, wherein 
the total current is the resultant of the magnetizing current 
and the power current. 
_. The chief cause of a low power factor is underloaded induction 
“motors, transformers, and other induction apparatus placed in 
an alternating-current circuit. The reason this type equipment 
causes a low power factor is the fact that magnetizing current 
is required. This current does no work but is necessary for 
‘the proper operation of equipment of this nature. The mag- 
| etizing current remains almost constant irrespective of the load. 
From this discussion it is seen that additional investment is 
| required in equipment in any system where the power factor is 
low. 

There are three practical methods by which the power factor 
‘in an alternating-current system can be improved. They are as 
‘follows: 

1 Apply motors of such capacity as to operate as nearly as 
possible at full load. Wherever machines are overmotored, 
which is the usual tendency with induction-motor applications, 
‘the motor should be replaced by one of smaller size. 


2 Cloth speed. : 
+ Reliance Electric & Manufacturing Company motors. 


2 Sometimes a synchronous motor can be used. This type 
otor not only does useful mechanical work but corrects the 
ower factor at the same time. 

3 When it is desirable to improve a low power factor without 
sing equipment to carry mechanical load, the synchronous 
»otating condenser or static condenser may be used. 

In all power applications, the most important consideration 

‘hould be overall economy. This introduces a study of con- 
“nuity of service and facilities for meeting peak demands as 
vell as economical overall operations. While efficiency of 
sotors and generators and other electrical and mechanical 
‘iving equipment cannot be ignored, it should receive less 
»onsideration than that of continuity. 
, It is found frequently that large investments in plant equip- 
rent and spoilage of merchandise occur as a result of erroneous 
cisions having been made in the selection of drive units. In 
»iost cases, such wrong applications are due to an overzealous 
yicentive to consider purely the efficiency of the drive unit 
istead of considering the overall efficiency of either the entire 
lant or a group of machines which depend for proper and con- 
“nuous performance on the individual driving units. 


Factory No. of Type of Elec. 
‘mach. no, colors cloth Volts Amp hp 
’ 252 33 iat i 
4 ga} 1 Cotton 252 26 8.8 
} handkerchief 250 23 Weak 
250 16 5.4 

252 30 10.1 

252 18 6.1 

2 2 95 250 24 8.0 
250 27 9.0 

252 30 10.1 

246 38 13.6 

250 40 16.9 

3 2 95 250 32 12.5 
247 20 21.0 

244 24 foe 

250 26 8.7 

4 2) 95 250 34 11,4 
246 47 13.2 

246 57 18.8 

246 19 6.3 

5 2 68 246 23 7.6 
249 26 8.7 

250 37 12.4 

254 46 15.6 

4 100 255 60 20.5 

250 70 23.4 

242 42 13.7 

242 52 16.9 

6 4 68 246 38 12.5 
246 64 21.0 

246 22 004 
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Appendix 


This appendix is a compilation of test data in tabular form as 
obtained from textile-printing plants. The data in Table 5 
were obtained from typical applications of direct-current ma- 
chines selected at random in normal operation. Table 6 con- 
tains data obtained from two different plants and correlated to 
show power requirements of BTA and direct-current motors for 
operating machines at the same general cloth speed. Table 7 
is a compilation of data from printing machines manufactured 
by the Rice, Barton & Fales, Inc., Worcester, Mass., operated by 
the various motors listed in the table. 

All of the machines, the data on which are given in Table 5, 


TABLE 5 OPERATING DATA OF DIRECT-CURRENT TEXTILE-PRINTING MACHINES 


Yd per Machine 
min@ Motor data? description 
95 10-15 hp, type T Old English for 
74 230 v, 39-58 amp 4 colors with 
64 400-1600 rpm 15-cylinder drier. 
32 frame 185T 
16 10-15 hp, type T Mfd. by Phoenix 
33 230 v Fdy. for 3 colors 
46 400-1600 rpm with 2 large and 
52 39-58 amp 6 small cylinder 
56 frame 185T driers. 
75 15-20 hp, type T Mfd. by Textile 
82 230 v Fin. Mach. Co. 
66 58.5-74 amp for 4 colors with 
3D 400-1600 rpm 6 large cylinder 
43 frame 230 driers. 
34 15-20 hp, type T Mfd. by Rice, Bar- 
47 230 v, 58.5-74 amp ton & Fales for 
62 400-1600 rpm 4 colors with 13 
Te frame 230 can drier, 
28 15-20 hp, type T Mfd. by Textile 
35 230 v, 58.5-74 amp Fin. Mach. Co. 
54 400-1600 rpm for 4 colors with 
61 frame 230 15-cylinder drier. 
43 15-20 hp, type T Mfd. by Textile 
55 230 v, 58.5-74 amp Fin. Mach. Co. 
64 400-1600 rpm for 4 colors with 
frame 230 15-cylinder drier. 
47 20-25 hp, type T Mfd. by Textile 
60 230 v Fin. Mach. Co. 
19 77-96 amp “for 6 colors with 
71 400-1600 rpm 14-cylinder dri- 
24 frame 262 er. 


were operated by shunt-wound interpole motors, and were con- 
trolled by Cutler-Hammer starting equipment. This starting 
equipment consisted of control units and push-button stations 
for “inch,” “slow,” “fast,” and “stop” control. <A field rheostat 
was used in conjunction with the “fast’’ control. The control 
TABLE 6 POWER REQUIREMENTS OF BTA AND DIRECT- 


CURRENT MOTORS FOR OPERATING MACHINES AT SAME 
CLOTH SPEED 


No. of Cloth speed, Horsepower 
colors yd per min BTA Direct current 
4 64 19.0 21.0 
4 78 23.5 ae 
4 70 ae 23.0 
1 32 Aa 5.4 
1 48 6.4 oe 


system is a particular arrangement for textile-printing work and 
is explained as follows: 

1 The “inch” button closes the contactors at the “slow” 
position but does not energize any holding coils and, therefore, 
allows the machine to run only as long as this button is being 
pressed. This provides the operator with a means of “inching” 
the machine. The speed is the same as when the “slow” button 
is contacted. 
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TABLE 7 OPERATING DATA OF A-C AND D-C TEXTILE-PRINTING MACHINES* 
Test Input, Yd per No. Output, Power 
no. Motor data Machine no. Volts Amp kw Rpm min colors hp factor, % 
BTA-326; 8 pole; 30/10 hp 610 565 11 9.6 440 ae 6 9.25 89.0 
1 1250/415 rpm; 550 v (8 colors) 565 22 21.0 1180 64 6 21.60 97.5 
30.5/15.5 amp; No. 4,560,778 565 22 22.0 1250 70 6 22.80 99.06 
BTA-532; 8 pole; 35/11.6 hp 728 f 
2 1250/415 rpm; 36.5/28 amp (8 colors) 565 15 7.4 750 48 1 6.35 50.5 
550 v; No. 5,230,533 
BTA-526; 8 pole; 30/10 hp 626 570 20 11.6 540 28 4 11.70 59.0 
3 1250/415 rpm; 30.5/16.5 amp (6 colors) 565 20 18.4 1020 64 4 19.00 94.0 
550 v; No. 4,560,778 565 22 22.6 1200 78 4 23.50 97.56 
RF-12; 20/30 bp; 230 v 562 140 70/40 a. y 5 oe 
4¢ §25/1500 rpm; 75/114 amp (8 colors) 242 42 10.2 550 25 5 11.20 58.0 
No. 1,337,091 242 54 13.1 720 5 15.00 58.0 
240 75 18.0 1050 5 21.00 58.0 
236 114 26.9 1560 68 5 31.40 58.0 
RF-12; 20/30 hp; 230 v re 240 26 6.24 400 1 Cau, 58.0 
5¢ 525/1500 rpm; 75/114 amp (6 colors) 240 40 9.6 800 54 1 10.60 58.0 
No. 1,337,092 240 45 10.8 900 62 1 12.20 58.0 
240 50 12.0 1090 1 13.70 58.0 


@ All data reported in this table were obtained on Rice, Barton & Fales machines. 


6 Leading power factor. | 
¢ Voltages and currents given represent those at the armature. 
Noves: 


In test No. 1 the machine was producing dry goods; the color rolls had a medium set; the cylinder width was 45 in.; the back-rigging consisted of seven 
dry cans of 23 in. diameter and four dry cans of 5 ft diameter; there were no goods in the machine when the first reading was taken; the 1250-rpm reading 


was the maximum speed obtained. . 
In test no. 2 the machine was printing mercerized lawn; tl 
of seven dry cans of 23 in. diameter and four dry cans of 5 ft diameter}; 


In test no. 3 the machine was printing cretonne; the color-roll set was fair (more than medium); 
consisted of six dry cans of 231/2in. diameter and four dry cans of 5 ft diameter. 

In test No. 4 cotton material was being printed; the color-roll set was medium; the cylinder width was 44 in.; the back-rigging consisted of five 5-ft 
the machine was warm, but it started on an armature current of 70 to 85 amp. 
the set of the color roll was very heavy; 


dry cans; the control consisted of a drum controller and resistor; 
In test no. 5 the machine was printing a fine-point shirting top; 


rigging consisted of six dry cans of 231/s in. diameter and four dry cans of 5 ft diameter; 


2 The “slow” button closes the contactors (in the same 
manner as the “inch” button) with a resistor in series with the 
armature and a resistor across the armature. These are held 
in place by a holding-coil circuit. This gives a very slow speed 
which cannot be varied by the operator. 

3 The “fast? button operates contactors which remove the 
armature shunt and cut out the armature resistor, after which 
the field resistor is inserted. This permits the operator to vary 
the speed of the machine throughout its normal range. 

4 The “stop” button breaks the contactor holding coil, 
cutting the power supply from the machine and putting it across 
a resistor. Thus the field remains energized and results in 
dynamic braking. 

With this control system, the armature resistor runs the energy 
demand of the machine up at slow speeds but gives a threading 
speed which is independent practically of the load. This effect 
is necessary for’ textile printing. By this means a motor with a 
variable speed between 400 and 1600 rpm can be operated with 


the color roll had a medium set; the cylinder width was 45 in.; the back-rigging consisted 
the speed of the machine could not be varied. 


the cylinder width was 45 in.; the back-rigging 


the control consisted of a drum controller and resistor. 


speed regulation approximately 25 per cent below minimum speed. 

The use of interpole shunt motors with the control system 
outlined gives a printing-machine operator a finger-tip control 
over a wide speed range plus the advantage of ‘‘inching.” 


TABLE8 TYPICAL CONNECTED DIRECT-CURRENT LOAD AND 
POWER SUPPLY 


Total connected) Loads. WD wepalere lols ciety oletele lala) ete s?ete qietel=palelotelsl nial 176 
Total connected load in use daily, maximum, hp.............- 151 
Constant load, maximum as connected, hp.........---+-+02+50> 36 
Total horsepower, maximum of daily load in use for printing 

TNACHINE | Dp ays tcte sels coals Ieselayevwisie re on eteve eleaayel eke sete! =tay aerstatale lalate 115 
Rated output of motor-generator set, hp Fe: 100 
Ratio of capacity of motor-generator set to connected load 

(LOO PLB 1) ciated co,siae tere totels. sine oleh taakeheleteReh en eketetnic reste) Neanener ae 0.66 
Maximum load ordinarily observed, includes all machines, hp.. 68 
Usual load ranges Wpeitrcs nie cte ote ie elelors) taalevnieretelyieve are) tate) anal) Diets 50-68 
Ratio of running load to capacity of motor-generator set (68/100) 0.68 

Norge: The usual run of work in textile-printing plants is such that the 


machines are producing with a less number of colors than they were motored 
for, and therefore for most of the working period the machines are over- 
motored. 

In Table 8 are given typical data for textile-printing plants 
with direct-current load and power supply. 
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the cylinder width was 42 in.; the back- 
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The Torque and Thrust of Small Drills 
Operating in Various Metals 


By O. W. BOSTON! ann W. W. GILBERT,2 ANN ARBOR, MICH. 


\ This paper presents the results of a detailed study in 
which torque and thrust were recorded when drilling with 
_ small drills ranging from 1/8 in. to 1/2 in. in diameter. 
_ The influence of cutting speed on the value of torque and 
thrust when cutting a low-carbon steel with a 1-to-16 
emulsion is shown to be appreciable at the lower speeds 
_ but negligible in the higher ranges of speeds. The torque 
.and thrust values are shown to be reduced slightly for 
increased values of helix when drilling low-carbon steel 
with drills of 5/32 in. diameter having helix angles ranging 
from 21 to 40 deg. It is shown that the greatest factor 
of safety, as represented by breaking strength over operat- 
ing torque, is obtained when the helix angle is about 36 
udeg. 

Another series of tests reported in this paper shows that 
‘the torque and thrust are increased as the web thickness 
of 23-deg helix drills of 5/32 in. diameter is increased 
from 0.029 to 0.043 in. The factor of safety is reduced 
vas the web thickness is increased. 

Extensive data for torque and thrust for drill sizes rang- 
ang from 1/8 in. to 1/2 in. are given when drilling nine 
ferrous and nonferrous metals. These data are then cor- 
related with corresponding torque and thrust values for 
the same metals previously reported (1, 2, 3,)° for larger 
diameter drills. 


HE first part of this paper describes and gives the results 
of an investigation relating to the torque and thrust de- 
veloped by twist drills ranging from /s in. to 1/2 in. diameter 

when drilling five steels, two irons, and two nonferrous metals 

‘with a 1-to-16 emulsion. 

The influence of different values of helix angle, web thick- 

ness, cutting speed, and feed on the torque and thrust and drill- 

“ng performance is determined. The value of torque and thrust 

as a function of drill diameter and feed for industrial use is then 


1 Professor, College of Engineering, University of Michigan. 
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of Michigan, Engineering College, in 1913, received a master’s degree 
/n 1917, and the degree of mechanical engineer in 1926. He is now 
srofessor of metal processing and director of the department of 
netal processing at the University of Michigan. He is a member of 
he Special Research Committee on the Cutting of Metals and chair- 
nan of the Subcommittee on Cutting Fluids. He is also chairman 
» f the A.S.M.E. Committee on Machinability of Steel. He is author 
»f{ many papers and several books dealing with the subject of metal 
utting and machine tools. He is a member of the Sectional Com- 
»aittee on Standardization of Small Tools and Machine-Tool Elements 
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' t the end of the paper. 
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determined. Lastly, these data for small drills are correlated 
with corresponding data presented in earlier papers (1, 2, 3).3 
Charts showing the value of torque and thrust for various feeds 
and commercial drills ranging in diameters from 1/3 in. to 11/, 
in. are then presented. 


Mareriat AND Equipment Usep In Maxkina tun Trsr 


The Materials Cut. Nine materials, consisting of cast alumi- 
num, free-cutting brass, gray cast iron, malleable cast iron, 
S.A.E. 3150 steel, S.A.E. 1020 steel, S.A.E. 1035 steel, 0.97 per 
cent carbon tool steel, and free-cutting screw stock S.A.E. 
1112 steel, were cut. These materials have been described pre- 
viously (3). Table 1 lists these metals and gives analyses and 
physical properties. 

The Drill Press. A modern self-contained drill press, illus- 
trated in Fig. 1, was used in conducting the experiments on small 
drills. This press had a capacity of 11/,-in. drills in steel. It 
had a self-oiled geared head providing six selective speeds of 
143, 225, 354, 575, 900, and 1415 rpm and six power feeds of 
0.004, 0.006, 0.009, 0.014, 0.021, and 0.031 in. per revolution. 

The Dynamometer. When testing the large drills, a high- 
capacity hydraulic type of dynamometer (3) was used which 
would record accurately the torque and thrust for drills above 
1/2 in. diameter. In these small-drill tests a new type of dyna- 
mometer was used, sensitive enough to record the torque and 
thrust of drills as small as !/s in. diameter. It would record, as 
its maximum capacity in steel, the torque and thrust for 1/.-in. 
drills. The two dynamometers, therefore, covered drill sizes 
ranging from !/g in. to 2 in. diameter. 

The small dynamometer consisted of a base which was fastened 
to the drill-press table, an intermediate plate used to record the 
thrust, and a top plate or table which supported the work and 
recorded the torque. The base carried two solid pivot points 
and one movable point, which supported the intermediate plate. 
The movable point was connected through amplifying levers 
to a pen for recording the thrust. The amplifying lever acted 
against a small cantilever spring and allowed a small deflection 
of the table proportional to the force applied. The three pivot 
points on the base formed a three-point support for the inter- 
mediate plate. The top of the intermediate plate was provided 
with a large annular groove filled with balls to support the upper 
plate or table. This allowed the upper plate to rotate without 
friction. The circular motion caused by the torque of the drills 
was transmitted by a second amplifying lever to a torque-re- 
cording pen. This lever for measuring torque acted against a 
second cantilever spring to avoid rotation of the work. A 
plate arranged to move vertically carried the paper on which 
the torque and thrust were recorded. This plate was attached 
to the spindle by a small wire and moved vertically downward 
while the drills were penetrating the work. This dynamometer 
was carefully calibrated for torque and thrust, and a celluloid 
scale was prepared so that the true values of the torque and 
thrust could be read quickly from the charts obtained. 

The Drilling Tests. All drills with unpolished flutes were 
sharpened before each test on a small drill-grinding machine so 
that the shape could be reproduced in subsequent sharpenings. 
Before running any tests, each newly ground drill was used to 
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TABLE 1 THE NINE METALS USED IN THE DRILLING TESTS (3)? 


Hardness numbers W—Physical properties——~ 
Yield Ultimate Elonga- 


Bar Rockwell ° i point, strength, tion, per 
section, ; 100 kg, Bri- lb per lb per cent in 
in. Material Heat-treatment Analysis 1/j-in. ball nell 8q in. sq in. 2 in. 
Mtf/o X 2 Aluminum alloy S.A.E. 33 Chill cast..............- to 08 a ee 8.00 Cu 37.5 70 
A mpurities 
13/s X 13/, Leaded free-cutting brass Extruded and drawn..... Het ie Snot (i ; A : 
7 .04 Fe 66. 100 3470 51800 43.5 
13/4 X 4 Cast iron Cast ie ese aia 83.5 179 
1 47 n 
1/4. xX 4 Malleable cast iron (401/s hr to 1550 F 2.46 C 1.00 Si 
448 hr at 1550-1625 F 0.163 P 0.26 Mn 
1641/2 br to cool to 1200 F 0.071 S (ily. BH/ 
0.50 C 1.16 Ni 
2X6 §.A.E. 3150 steel Amnealed/rshin secrneteaines i oe Cs one : 86.0 196 66140 114200 26.00 
n .02 
13/. X 4 S.A.E. 1020 steel IAMNOALOG ca ore os. Sere {3: B c 0.011 P 
n 0.0268 65.0 131 
0.38 C 0.18 Si 
13/4 X 4 S.A.E. 1035 steel Ammealederereietesareis stat rennere C out y 0.53 Mn 75.0 156 
0.97 C 0.10 Si 
4X6 Carbon tool steel ‘Annealed s: es eee .: eee E 0.31 Mn 85.0 152 36500 77350 30.0 
11/2 X 11/2 S.A.E. 1112 steel Cold drawn’ 2.2. - 07.5: AO: 030: a c en ie 89.5 217 
n  0.085-0.12 


4 Number in parentheses refers to similarly numbered reference at the end of the paper. 
b The analysis given is for hard iron. 


drill one hole to remove any “feather” edge. All holes were 
drilled to a predetermined depth of 1/2 in. when the feed was 
automatically disengaged and the spindle returned to the top of 
its stroke. All holes drilled were dead end, rather than being 
drilled through the work. Torque and thrust values were read 
from the charts for a hole depth of */sin. No drill bushings were 
used in the tests, as it was found they were not needed and 
might influence the values because of chip interference. 

The cutting-fluid system of the press was replaced with a 
gravity-feed system so that a #/;:-in. stream of an emulsion made 
of one part of a soluble oil and sixteen parts of distilled water 
was directed on the top of the work about the drill. The dis- 
charge head was 16 in., and 1 quart of the emulsion was discharged 
per minute. 

The Charts. It was found that, when drilling particularly with 
small drills, the value of the torque and thrust was influenced 
appreciably many times by chips forming in the flutes. Fig. 2 
shows the torque and thrust charts when drilling in a free-cutting — 
brass with a 30-deg helix drill */s in. diameter for each of three — 
feeds of 0.004, 0.006, and 0.009 in. For this relatively large — 
drill in this free-cutting material, the chips were so well broken : 
up and disposed of that the values of torque and thrust are seen — 
to remain practically constant while drilling the +/:-in. deep 
holes. Fig. 3, however, shows similar charts of small */j-in. — 
drills operating in soft steel. For the finer feeds, the chips ap- 
pear to be well disposed of, and very little increase in torque or 
thrust is noted as the hole increases in depth. For the 0.009-in. 
feed, however, chip disposal becomes important, as is indicated 
by the appreciable increase in torque and thrust. The readings — 
taken at relatively shallow depths were considered more reliable 
than those obtained for the holes with depths greater than four 
times the diameter. In all tests on small drills, torque and thrust 
readings were taken at a depth of */s in., since it was found that 
these values could be reproduced easily at such a depth. 


INFLUENCE or Currine Sprrp, HeLrx ANGLE, AND WEB THICK- 
NESS ON TorQquE AND THRUST 


Influence of Cutting Speed on Torque and Thrust. To determine 
the variations in torque and thrust as the cutting speed of a 
drill was changed, a drill of high-speed steel, */s in. diameter, 
was used to drill the annealed S.A.E. 1020 steel at 0.004-in. feed. 
The peripheral cutting speed was increased from approximately 
Fra. } ‘Tam Demx Panss, DrniMommTmr AND Equremenr Usnp 1 to 189 fpm. ‘The results of torque and thrust at these various 

IN TESTING THE SMALL DRILLS speeds are shown graphically in Fig. 4; the tests were started 
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at the lowest speed, increased to a maximum, and then again 
reduced to the lowest speed as indicated by the arrows. A 
slight dulling effect apparently took place at the high speed, as 
\shown by the higher curves on the return. While these curves 
appear to be quite similar to corresponding curves obtained 
when turning with single-point tools, the influence of cutting 
speed is negligible within the commercial range of cutting speeds, 
that is, above 60 fpm. This same conclusion was reached in 
connection with the performance of large drills (1). 
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iFic. 2 Sampte Torqun anp Turust Cuart OBTAINED WHEN 

Driving Fren-Currine Brass WirH A 3/s-In. Hicgu-Sprpp DRitu 

‘Havine a 30-Dee Constant Heiix ANGLE AND A Wes THICKNESS 

or 0.068 In. A 1-ro-16 Emunsion Was Usep Wits a Curring 
SPEED oF 573 Rem, EquivaLenT To 60 Fem 
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2.50 
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“Ie. 3 Samprn Torqun anp Turust Cuart OBTAINED WHEN 
DRILLING ANNEALED S.A.E. 1020 Stern Wire A 3/;¢-IN. Hiau- 
‘preD Dritt Havine a 30-Dea Constant Hetix ANGLE AND A 
Ves Tuickness or 0.035 In. A 1-ro-16 Emunstion Was Usep 
Wits a Currine Sprep or 1415 Rem, EquivaLEnt To 60 Fem 
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Influence of Helix Angle on Torque and Thrust. A series of 
*xperiments was run with a special set of drills 5/3. in. in diameter 
vaving web thicknesses of 0.034 in., but manufactured specially 
0 have a wide range of helix angles. The results of the tests 
wre shown in Fig. 5. Each test was run at three feeds of 0.004, 
-006, and 0.009 in. per revolution, respectively. It is seen that 
‘oth the torque and thrust fall off gradually as the helix angle is 
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increased, both being reduced a total of 26 per cent as the helix 
angle is increased from 21 deg 26 min to 40 deg 23 min. The 
individual points for both torque and thrust when drilling with 
the 0.009-in. feed are seen to be erratic, due, the authors believe, 
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to the influence of the heavy chips in the flutes. This same 
tendency to reduce torque and thrust with increased helix angle 
has been found to hold for drills of larger diameter. ‘The values 
usually reach a minimum for the largest value of helix angle, 
although when tool life is considered, maximum tool life is usually 
found to be obtained with a helix angle somewhat below the 
maximum shown. It is believed by the authors that an increase 
above 34 deg would result in lower values of torque and thrust 
and lower values of tool life. 

The dashed line in Fig. 6 represents the torsional strength of 
the drill as determined by actual breaking tests in which the 
drills were given a thrust preload of 250 Ib. This shows the 
greatest strength for the drills having the lowest value of helix 
angle. The factor of safety is greatest for the higher value of 
helix angle because the torque and thrust are correspondingly 
reduced. 


Influence of Web Thickness on Torque and Thrust. A series 
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of tests was run in S.A.E. 1020 steel, with small drills of °/s2 in. 
diameter having constant helix angles of 23 deg. The cutting 
speed was 60 fpm, and a 1-to-16 emulsion was used. The torque 
and thrust, recorded for the series of drills in which the web 
thickness was varied from 0.029 to 0.043 in., are shown graphically 
in Fig. 7. It is noticeable that, for the lowest feed of 0.004 in., 
the torque increases only slightly. For larger values of feed, a 
great increase in torque is noted as the web thickness is increased. 
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This undoubtedly is due to the fact that as the web thickness is 
increased the cross-sectional area of the flutes is correspondingly 
decreased, giving rise to a greater frictional resistance of the 
chips. A similar set of experiments with drills of 1 in. diameter 
has shown that the torque is constant for drills having different 
values of web thickness. 

The upper three curves in Fig. 7 show the thrusts obtained for 
each of three feeds as the web thickness of the drill is increased. 
A gradual increase in thrust amounting to a total of 41 per cent is 
obtained as the web thickness is increased. Similar results were 
found in testing large drills, although for a range of comparatively 
narrow points, very little change in thrust was noted. 


Inasmuch as there appears to be no standard proportion of 
web thickness to diameter in small drills manufactured by vari- 
ous companies, it is difficult to give a summary of true drill 
performance for commercial use. 

The torsional strength and factor of safety of drills with 
variable web thicknesses are shown graphically in Fig. 8. The 
torsional strength of these drills appears to be about equal, 
giving the horizontal dashed line in Fig.8. T he torsional strength 
of this set of drills is seen to be lower than the variable-helix- 
angle drills as shown in Fig. 6. This difference is undoubtedly 
due to the fact that the two sets of drills were made up and heat- 
treated at different times. By dividing the torsional strength 
shown in Fig. 8 by the torque in foot-pounds shown in Fig. 7, the 
factor-of-safety curves shown in Fig. 8 are obtained. It is seen 
that the factor of safety is highest for the drills of thin"web 
thickness. 


TORQUE AND Turust VALUES OF SMALL CoMMERCIAL DRILLS 


Several duplicate sets of drills with unpolished flutes, ranging 
from 1/s in. to 1/2 in. diameter having helix angles of 30 deg 
and ratios of web thickness to diameter equal to 0.185, were 
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selected for use in obtaining values of torque and thrust when 
drilling each ferrous and nonferrous metal used in the drilling 
tests with large-diameter drills (3). 
to represent commercial stock, but were held to closer limits. 


The 30-deg helix angle was desirable in order that the results 
might be compared directly with those of the larger drills used — 
Tf small drills having helix angles — 


in previous tests (1, 2, 3). 
less than 30 deg are used, the torque and thrust may be increased 


in accordance with the curves shown in Fig. 5. If different values — 
of web thickness are used, for accurate work the torque and thrust — 


should be corrected in accordance with the curves of Fig. 7. 


All drills were machine-ground so that their form could be 


duplicated by successive grindings. The point angle was 120 
deg, the peripheral-edge angle 130 deg, and the clearance angle 
at the periphery was 6 deg for drills of all diameters. 

In all tests an emulsion consisting of 1 part soluble oil to 16 
parts water was used. The peripheral cutting speed for each 
drill size was maintained at approximately 60 fpm, giving speeds 
of 1415, 1415, 900, 573, and 354 rpm for the '/sin., °/i¢in., 
1/,in., 3/s-in., and 1/,-in. diameter straight-shank drills. In 
testing each metal, feeds of 0.004, 0.006, and 0.009 in. per revo- 
lution were used for each drill. 

Drilling S.A.E. 1020 Steel. The values of torque and thrust 
as determined from the experiments when drilling S.A.E. 1020 
steel with the several small drills each at various feeds are shown 
graphically on log-log paper in Fig. 9. At the lower left, plotted 
over the diameter of the drills, are shown the values of torque 
for each of the three feeds. These data are represented by the 
three straight lines which have a slope of 1.8 vertically to 1.0 


These drills were selected — 
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horizontally. This slope of 1.8, therefore, represents the expo- 
nent of d, the drill diameter in the torque formula. This value 
agrees with the corresponding value previously found for large- 
size drills (3). : 

At the lower right of Fig. 9 the values of torque are plotted 
over the three values of feed for each of the drill diameters rang- 
ing from 1/s in. to '/2 in. These data are satisfactorily repre- 
sented by the straight lines, the slope of which is 0.78. This 

) value of 0.78 represents the exponent of f, the feed in the torque 
| ‘formula 
T = 1740f?-78q1-8 


given in Fig. 9. The constant 1740 is obtained by substituting 
- values for torque, feed, and drill diameter in this formula and 
| solving for the constant. This formula agrees with the formula 

for torque determined on the same steel when taper-shank 
‘drills of large size were used (3). The dashed portion of the 
 T-d curve in which f = 0.009, shown in Fig. 9, represents the 
)actual values obtained with the larger drills. 

The torque in foot-pounds 7’ for the 1-in. diameter drill at 
)0.009-in. feed, as indicated by the point A in Fig. 9, is read on 
the right-hand scale as 45 ft-lb. To determine the values of 
torque for the 1-in. drill at other values of feed, the point A is 
projected horizontally to the point B intersecting the vertical 
‘line for 0.009-in. feed. By drawing through the point B the 
dashed line parallel to the T-f curves shown at the lower right 
of Fig. 9, the torque for any other feed may be obtained graphi- 
cally. Similarly, another point A’ on any of the 7-d lines may 
be projected for any drill diameter to the corresponding vertical 
feed line at B’ and another line parallel to the T-f line drawn so 
that torque values for that drill size for any feed may be obtained 
graphically. Values of torque for drill sizes ranging from 1/, 
in. to 1!/, in. diameter are summarized, however, in Fig. 17, 
which is discussed later in the paper. 

The experimental values of B, the thrust in pounds obtained 
»when drilling the S.A.E. 1020 steel with the small drills, are shown 

in the upper part of Fig. 9. At the right, the values of thrust 
are plotted over the three values of feed for each of the five drill 
‘sizes. Again the points are well represented by the straight lines 
as indicated by a slope of 0.87. This slope represents the ex- 
ponent of f in the thrust formula and agrees with the data obtained 
‘for large drill sizes previously reported (8). 
At the upper left of Fig. 9, the values of thrust are plotted 
over the drill diameter for each of the three feeds. Again the 
‘data are fairly well represented by three straight lines as indicated. 
‘The slope of these straight lines is practically 45 deg, giving a 
slope of 1.0 which is the exponent of d in the equation. This 
3hows the thrust to be a direct function of the drill diameter for 
this set of drills which has a constant ratio of web thickness to 
diameter. The resulting equation for thrust becomes 


B = 104,300f°-87d 


When testing the larger drills, ranging from 1/2 in. to 11/2 in. 
diameter in which the ratio of web thickness was 0.162, 0.139, 
°).141, and 0.144 for the 1/2-in., °/,-in., 1-in., and 1!/,-in. diameter 
|Arills, respectively, the B-d lines on log-log paper were not 
»straight. With the large drills, the thrust formula obtained in 
one set of experiments (1) was approximated as 


B = Kf-"8d 


n which the exponent 0.78 of f was an average of 0.809, 0.860, 
and 0.681 determined under different conditions of drill diameter 
sand feed. For an 8.A.E. 1020 steel, K = 41,900. 

In another set of experiments (3), involving the same nine 
‘metals used in the small-drill tests, the formula obtained con- 
sidering variations in ratio of web thickness to diameter was 
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B 0.87 t gu a 
785,000f 5 + ") 
which gives the dotted B-d line for 0.009-in. feed shown in Fig. 
9. Using this formula for thrust and the ratio of web thickness 
to drill diameter of 0.185 in. as maintained for the small drills, 
the dashed curve B-d for a feed of 0.009 in. shown in the upper 
left corner of Fig. 9 is obtained. This curved line appears to 
be an extension of the straight line for drill diameters above 
approximately 1/, in. The thrust values determined by this 
equation are higher, however, than the actual experimental 
values. This indicates that, in order to fit the straight-line curve 
over the whole range of drill diameters from 1/3 in. to 11/4 in., 
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the ratio of web thickness to diameter should be kept constant. 
This does not appear to be common practice, however. 

A dotted B-d curve also is shown in the upper left corner of 
Fig. 9 for the large drills operating at a feed of 0.009 in. This 
curve is based not on a constant ratio of web thickness to drill 
diameter of 0.185 but on the actual ratios as given previously. 
It is seen that the dotted curve for drill sizes from 1/2 in. to 
11/, in. is practically parallel to, but slightly lower than, the 
B-d curve for the small drills operating at 0.009 in. feed. In 
commercial practice, whenever the web thickness is considered 
excessive, the drill point is thinned, reducing the ratio of web 
thickness to drill diameter. Values of thrust may be lowered 
as much as 50 per cent by point thinning. 

Drilling S.A.#. 1036 Steel. The experimental values obtained 
when drilling the 8.A.E. 1035 steel are plotted on log-log paper 
as a function of drill diameter and feed in Fig. 10. The formula 
for torque is 


T = 1300f°-78d1-8 
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This equation is similar to that for the S.A.E. 1020 steel, except 
for a lower value of the constant. In the experiments with larger 
drills, the value of the constant for the S.A.E. 1035 steel was found 
to be 1582 instead of 1300 (3). Otherwise, the equations are 
identical. The fact that the constant is higher in the former 
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paper (3) may be due to the fact that the steel was furnished in 
duplicate bars, one being used in the tests of larger drills and the 
second being used in the tests of smaller drills. 

At the top of the T-d curves of Fig. 10 a dashed line represents 
the torque as a function of diameter for the 0.009-in. feed when 
the large drills were used. This dashed line, if the materials 
were identical, would be a continuation of the solid line for 0.009- 
in. feed. It is higher because of the slight difference in values 
of the constant. By projecting point A on the T-d line for 
0.009-in. feed, to the vertical line through 0.009-in. feed at B, 
the light dashed line parallel to the 7’-f line is obtained. This 
light dashed line represents the values of torque as a function of 
feed for the 1l-in. diameter drill as computed from the tests on 
small drills. The 7-f curve for a 1-in. drill, as obtained from the 
tests on large-size drills, is shown as a heavy dashed line just 
above the light dashed line. This shows the difference in values 
of torque for any feed in the two sets of tests. 

The thrust equation is 


B = 96,000f°-87d 


as represented by the straight lines plotted as B-d and B-f over 
drill diameter and feed, respectively. The formula for thrust 
ag obtained with the large-size drills was 


d w 2.12 
B = 711,000f°87{ = + = 
yu (2 4) 


This equation is represented by the dotted line in the upper left _ 
corner of Fig. 10 for the 0.009-in. feed. The dashed B-d curve 
for 0.009-in. feed is based on the constant ratio of web thickness — 
to diameter of 0.185 in., and is too high for the larger drill sizes. 

It also shows that this formula does not hold for the small-size _ 
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| 
drills having a constant ratio of web thickness to drill diameter 
of 0.185. 4 

Drilling 0.97 Per Cent Carbon Tool Steel. 


% 


The experimental 


values of torque and thrust as determined with the small drills” 


operating in carbon tool steel are shown graphically on log-log 
paper in Fig. 11. The formula for torque is 


T = 1842/0-78q1-8 


whereas the formula for the larger drills as previously determined 
(3) was 
T = 1864f?-78q1-8 


The two sets of values agree closely. 
For the small drills the formula for thrust as derived from the 
experimental data shown in Fig. 11 is 


B = 133,100f°-87d 


whereas in the experiments for larger drills with a lower ratio of | 
web thickness to drill diameter it was 


d w 2.12 
B = 921,000f%87( = + — 
‘ ( i i) 
The values of thrust, however, as found with the larger drills 
are correspondingly slightly lower than those of the smaller drills. 
The dashed line, showing a relation B-d, was computed using 
the equation for large drills but with a constant ratio of web 


“) 


) 


i 


than that in the equation for the large drills. 
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thickness to drill diameter of 0.185 which maintained for the 
small drills. The dotted B-d curve for the 0.009-in. feed was 
determined using the equation developed by the larger drills 
and the proper web thickness for those drills. 

Drilling S.A.H. 3150 Steel. The experimental values of torque 
,and thrust determined when drilling the S.A.E. 3150 steel pro- 
duce lines on log-log paper quite similar to the steels previously 
mentioned. The formula for torque is 


T = 1500f%-78d1-8 


whereas the formula for the large drills as previously determined 
(3) was 
T = 2025f0-78q1-8 


The constant in the equation for small drills is somewhat lower 
This may be due, 
however, to the individual bars of material tested, inasmuch as 
‘more than one ton of this steel was purchased in one lot, and 
there was some slight variation from bar to bar. Also, these 
tests were run with drills slightly sharper than the large drills. 
The small-drill holes were drilled on a machined face at right 
angles to the scaled surface used for the large drills. These 
factors have been rechecked and show an influence in torque 


\ and thrust up to 12 per cent. 
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For the small drills the formula for thrust, as derived from 
experimental data, is 
B = 108,500f°-87d 


whereas the experiments with large drills, having the lower ratio 
of web thickness to drill diameter, produced the formula 


85 


d w 2.12 
B = 773,000f-87 | = + — 
(; i 
The values of thrust for the large drills are slightly lower rela- 
tively than those for the small drills, as indicated by the curved 
lines in the summary thrust curves of Fig. 18. 

Drilling S.A.£. 1112 Steel. The experimental data for torque 
and thrust as a function of drill diameter and feed when drilling 
the S.A.E. 1112 steel with the small drills are shown graphically 
in Fig. 12. The formula for torque is 

T = 1000f?78d1-8 


The large drills gave 
a 


1222 f0-78q1.-8 


This indicates that the torque values for the small drills are 
relatively lower than those for the large drills, although the slopes 
of the lines are the same. 

The formula for thrust for the small drills is 


B = 74,100f°-87d 


whereas the corresponding formula obtained for the large drills is 


2.12 
B = 604,700/0-87 E + ) 
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Again the thrust values for the large drills are slightly lower than 
the corresponding values obtained with the small drills. The 
highest dashed curve shows values of thrust computed with the 
formula for large drills but with the ratio of web thickness to 
drill diameter maintained by the small drills. This curve is too 
high for the whole range. ‘The straight lines B-d represent the 
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thrust for the small drills, while the dotted line represents the 
actual thrust for the large drills for the 0.009-in. feed. Because 
of the relatively thinner webs of the large drills, the thrust values 
are correspondingly lower. The dotted line at the upper right 
of Fig. 12 represents the actual thrust for the 1-in. drill at vari- 
ous feeds. The dashed B-f line just above represents the same 
values obtained by projecting the results of the small drills. 
Values of torque and thrust also may be obtained for any condi- 
tion from Tables 2 and 3 and Figs. 17 and 18. 
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Drilling Gray Cast Iron. Fig. 18 represents the data obtained 
when drilling gray cast iron. The formula for torque for the 
small drills is 

{P= B47 f0-69q1-7 


The formula obtained on this same gray iron for the large drill 
sizes was 
ui = 344f0-6q1-7 


The constants of these two equations are practically the same, 
but the slope of the 7-f lines is greater for the small drills. By 
projecting the point A, which represents the torque for the 
11/,-in. drill operating at 0.004-in. feed, horizontally to the point 
B on a vertical line through the 0.004-in. feed, and drawing the 
dashed line through B parallel to the T-f curves, a relation is 
obtained between the torque and feed for a 11/,-in. drill based 
on the data obtained from the tests of small drills. The cor- 
responding torque-feed line for a 11/,-in. drill, as determined with 
the large drills in the same gray iron, is shown slightly above 
by the heavy dashed line. The vertical distance at any point 
between these two lines represents the difference in torque ob- 
tained for this given condition at any feed. This difference is 
due not to a difference of the constant in the formula but rather 


is introduced by the difference in slope of the feed line, inasmuch 
as the formula for small drills shows f*:8® whereas the formula for 
large drills shows f**. The two lower heavy dashed lines give 
values of torque for the 1-in. and */,-in. drills at any feed. 

The equation for thrust obtained for the small drills is 


B = 25,800f?-78d 


These values are represented graphically in Fig. 13. That ob- 
tained for the large drills in the same cast iron is 


d w 1.9 
= 0.73 | — co 
B = 148,000f' (3 + ") 
The thrust values for the small drills are slightly higher relatively 
than those for the large drills, as represented by the B-d and B-f 
curves in the upper left of Fig. 18. The straight lines represent 
the thrust for the small drills, while the dotted lines represent 
the thrust for the large drills. It has been found that other values 
may be obtained for different types of cast iron. 
From earlier experiments (1) using another gray iron, the thrust 
formula was 


B = 14,700f° d 


in which the 0.6 was an average of 0.516, 0.580, and 0.710 ob- 
tained in tests with different drill sizes and feeds. 

Drilling Malleable Cast Iron. The torque and thrust data 
when drilling malleable cast iron with the small set of drills are 
plotted in Fig. 14. The formula for torque is 


T = 689f%-78d1-8 


The formula obtained on this same malleable iron for the large 


drill size was 
T = 554f0-66q1-8 


The constants and exponents of the two formulas are slightly 
different. The heavy dashed 7-f lines represent the values of 
torque for various feeds for several diameter drills. The T-d 
dashed line represents the torque for various large-diameter drills 
at 0.015-in. feed. 

The values of torque projected from the data for small drills 
for the large drill size as from A to B are somewhat lower than 
the corresponding values obtained experimentally with the large 
drills. This may be due to a variation in the material used in 
the two series of tests or to a difference of construction of the 
straight-shank and taper-shank drills. 

The formula for the thrust is 


B = 24,400f°-7'd 


The corresponding thrust formula obtained with the large drills 
was 


d w 1.75 
aS Oot Ohl co pas 
B = 152,000f ( pas ") 

It is seen that the experimental values of thrust as a function of 
drill diameter for the greatest feed of 0.009 in. have a tendency 
to fall above the straight line for the lower values of drill diameter. 
The lower values of feed give straight lines. Aside from this one 
variation, the formulas for small and large drills, respectively, 
give values of thrust which are in close agreement. The dotted 
lines at the top of Fig. 14 represent the actual values of thrust 
obtained with the large drill sizes. 

Drilling Leaded-Brass Screw Stock. When drilling free-cutting 
brass, torque and thrust values as a function of feed and drill 
diameter were obtained as shown graphically in Fig. 15. The 
formula for torque is 

T = 512f0-88d1-9 


| 


\dashed lines. 
the heavy dashed T-f lines are higher than those of the light 
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- feed line of the small drills. 
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That obtained on the same material when using the large drills 
was 
T = 418f?-73q1-9 


This shows relatively lower torque values for the small drills 
because of the larger constant and the greater feed exponent in 
the small-drill formula. Actual values for the small drills are 
shown as 7-d and T-f solid lines in Fig. 15. Actual values ob- 
tained with the large drills are shown at the upper right as heavy 
The actual values for the 1-in. drill as shown by 


dashed line projected through points A and B from the 0.004-in. 
This difference cannot be explained 
unless it is due to a lack of uniformity of the brass rod and a dif- 
ference in the construction of the small- and large-size drills. 


_ The latter has been found true in check tests on the brass. 


The formula for thrust obtained with the small drills is 
B = 6160f°-*d 
while that for the large drills was 
B = 6636f%%d 


These two formulas are alike except for the slightly higher values 
jof thrust obtained from the large-drill formula because of its 
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larger constant. The solid B-d and B-f lines in Fig. 15 represent 
actual thrust values obtained with the small drills, and the dashed 
B-d and B-f lines indicate the thrust obtained with the large- 
size drills. 

Drilling Cast Aluminum Alloy S.A.E. 33. The values of 


torque and thrust determined with the small drills when drilling 


RP-58-2 87 


5.A.E. 33 cast aluminum alloy are shown plotted on log-log 
paper in Fig. 16. The torque formula is 

T = 556f%-8%q1-9 
For the large drills the torque formula was 


T= 5539: 88d1-9 
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These two formulas agree very closely particularly in view of 
the fact that the formula for the large drills was obtained with 
11/,-in. drills operating at feeds from 0.015 in. to 0.043 in., whereas 
the small drills operated at feeds from 0.004 in. to 0.009 in. By 
projecting the T-d curye for 0.004-in. feed from A over the 
11/,in. drill size to B over the 0.004-in. feed line, then drawing 
the dashed line through B parallel to the T-f curves, a relation 
is obtained for the 1'/,-in. drill at various feeds. Just below the 
upper right end of this light dashed line are shown heavy dashed 
lines which represent the experimental values obtained with the 
heavy feeds and large drills. 
The thrust equation obtained for the small drills is 


B = 90,400fd'-2 


‘ For the large drills the thrust formula was 


B = 51,070ft tdi? 


These formulas vary both in the constant and in the exponent of 
f. By projecting the B-d curve for the 0.004-in. feed to H on 
the 11/,-in. drill size, thence to F over the 0.004-in. feed line, and 
drawing the dashed line at the upper right parallel to the B-f 
curves, a relation is obtained between thrust and feed for the 
11/,-in. drills. The heavy dashed B-f lines immediately below 
show the values obtained from the large-drill experiments. 
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RECOMMENDED VALUES OF TORQUE AND THRUST AS A FUNCTION 
or Dritt DIAMETER AND FEED FOR STEEL 


From the data reported for small drills in this paper and those 
previously reported for large drills, Figs. 17 and 18 are presented 
to represent graphically the values of torque and thrust, re- 
spectively, when drilling the S.A.E. 1020 steel in an annealed 
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condition. All drills used had unpolished flutes with a helix 
angle of 30 deg, and ranged in size (a) from 1/3 in. to #/s in. and 
(b) from */, in. to 11/4 in. The ratio of web thickness to drill 
diameter for the 1/s-in. to 3/s-in. size range was 0.185 while for 
the 3/,-in. to 11/,-in. size range the ratio was 0.14. 

Torque for S.A.E. 1020 Steel. For the $.A.E. 1020 steel the 
value of C in the torque equation for the small-size drills was 
found to be 1740, and for the large drills 1758. This small dif- 
ference may be accounted for in the difference in cutting fluid 
used in the two sets of tests, the degree of sharpness and the 
grinding of the drills. The small drills were ground with a 
cylindrical surface back of the cutting edge to provide the clear- 
ance. The large drills, ground on another machine, had a conical 
surface formed back of the cutting edge. 

From Fig. 17 it is seen that the value of torque for a 1/,in. 
drill operating at 0.007-in. feed in the S.A.E. 1020 steel using 
an emulsion of one part soluble oil to sixteen parts water is 3 
ft-lb at 7; the intersection of the horizontal line through 1/,-in. 
drill size and a vertical line through the 0.007-in. 
feed. Similarly, 72 represents 60 ft-lb, the torque 
developed by a 1-in. drill operating at 0.013-in. 
feed under the same conditions. 


Torque for Other Steels. The torque for sev- Steel 
eral other steels may be obtained from Fig. 17 gap, 1020 
using factors given in Table 2. Table 2 sum- 
marizes the formulas for torque, the values of 5-A.E. 1035 
the constant in the equation, and the factors for 9 97 %¢ 
both small and large drills by which the torque tool steel 
values determined for the §.A.E. 1020 steel in Siietesens 
Fig. 17 may be multiplied to obtain the torque eos 
when drilling the several steels listed. To illus-  $.A.B. 1112 


trate, the torque required to drill S.A.E. 1035 
steel with a 1-in. drill at 0.013-in. feed is de- 
termined from Fig. 17 and Table 2. The 60 


factor. 


—1/s to 1/2 in. diameter-—X~ 


TABLE 2. TORQUE FACTORS FOR SMALL AND LARGE DRILLS 
OPERATING IN STEELS WITH A 1-TO-16 EMULSION 


Small drills 
—1/s to 1/2 in. diameter—~ 


Large drills 
—'/2 to 11/2 in. diameter—~ 


Steel Formula Factor Formula Factor 
§.A.E. 1020 T = 1740 fo.78 d1-8 1.00 T = 1758 fo-78d'8 1.00 
bow ke T = 1300 f-78 di8 0.75 T = 1582 fo-78d18 0,90 
0.97 

tool steel T = 1842 fo-78d1-8 1.06 T = 1864 f?-78d18 1.06 
8.A.E. 3150 T = 1500 fo.78 d!1-8 0.86 T = 2025 fo-78d'-8 1.15 
S.A.E. 1112 T = 1000 fo-78 d18 0.58 T = 1222 fo d18 0.69 


Nore: In the torque formula only the constant is changed for the differ- 
ent steels. The factor is the figure by which the torque, determined from 
Fig. 17, should be multiplied to obtain the torque for its material. 


ft-lb at 72 for the S.A.E. 1020 steel, should be multiplied by 
the factor 0.90, giving a resultant torque value of 54 ft-lb for 
the §.A.E. 1035 steel. 
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Fie. 18 A Cuart on Log-Loe Coorpinatres SHOWING THE RELA- 

TION BeTwEEN Dritt DiaAMETER, FEED, AND THRUST WHEN DRILL- 

InG ANNEALED §.A.E. 1020 Sten, With Commercial HicH-Sprep 

30-Dee Hextrx Dritis at 60 Fem Usine a 1-to-16 Emoutston. 

Tue Ratio or Wes THICKNESS TO Dritt DiamMeteR Was 0.185 

ror Dritis up To 3/3 In., BUT Was 0.162 FoR THE !/2-IN. DRrIwL 
AND 0.14 ror THE 3/s-IN. AND LARGER DRILLS 


Thrust for the S.A.E. 1020 Steel. Average commercial values 
of thrust as a function of drill diameter and feed are shown 
graphically in Fig. 18 for drills with unthinned points drilling 
§.A.E. 1020 steel with a 1-to-16 emulsion. A ratio of web thick- 
ness to drill diameter of 0.185 was used for the drills up to 3/s in. 
diameter and a ratio of 0.14 was used for the drills from #/, in. 
to 11/4, in. diameter. One formula was derived for small-di- 
ameter drills and another for the large-diameter drills. The 


TABLE 3 THRUST IN POUNDS FOR SMALL AND LARGE DRILLS OPERATING 


IN STEELS WITH A 1-TO-16 EMULSION 


Small drills Large drills 


————/2 to 11/2 in. diameter 


Formula Factor Formula Factor 
2.12 

B = 104300 f?-8’7d 1.00 B = 785000 f?-8? (G 4e “) 1.00 
d w\ 2-12 

B = 96000 f?-87d 0.96 B = 711000 °-87 G ae *) 0.91 
d wy 212 

B = 133100 f08d 1.27  B = 921000 fo. G Bs 5) 1.18 
d wy 212 

B = 108500 f°-87d 1.04 B = 773000 f°-87 G + ) 1.00 
d wy 2-12 

B = 174100 f0-87d O71 B = 604700 f°-87 (¢ ae 5) 0.77 


Nors: As the constant changes, the thrust for any steel may be obtained by determining 
for each range of drill size the thrust for the drill size and feed in Fig. 18 and multiplying by its 
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curves of constant thrust for the drills between °/s in., and 
3/, in. diameter are gradually merged because of the change in 
ratio of web thickness to diameter of the drills within this range. 

When drilling S.A.E. 1020 annealed steel with a 1/,in. drill 
at 0.007-in. feed, a thrust value of 350 lb is obtained at the point 
B, in Fig. 18. Similarly, at Be is indicated a thrust value of 
1850 lb for the 1-in. drill operating at 0.013-in. feed. 

Thrust for Other Steels. Table 3 has been prepared to sum- 
. marize the thrust formulas and to give the constants for both 
> small-size and large-size drills operating in various steels. To 
determine the thrust when drilling S.A.E. 1035 steel with a 1-in. 
drill at 0.013-in. feed, the thrust, as shown at By of Fig. 18, for 
8.A.E. 1020 steel, is multiplied by the factor 0.91 given in Table 
3 for the large drills operating in the S.A.E. 1035 steel. This 
gives 1680 lb. 


CoNcLUSIONS 


While the conclusions developed experimentally have been 
presented for the several cases in the figures described in this 
paper, attention might be called to the changes made possible 
through the introduction of any variable, such as a slight dif- 
ference in analysis or heat-treatment of the metal, the type and 
condition of the drills, and the exact nature of the cutting fluids. 
, The cutting fluid itself may account for an appreciable difference 
in values between the small-drill and the large-drill series of 
tests. An emulsion of 1 part soluble oil to 16 parts water was 
used in the small-drill tests, while an emulsion of 1-to-10 was 
used in the large-drill tests. 

The materials used in the small-drill tests were purchased and 
used in the large-drill tests a matter of two or three years ago 
and some variation exists between the various bars of the given 
type of material. It also appears that there is fundamentally a 
difference in performance between the small straight-shank drills 
and the larger taper-shank drills. This in itself is a suggested 
subject for further investigation. 

While the formula for torque obtained when drilling each metal 
with small and large drills is substantially the same, there is a 
slight difference in some instances in the constant of the equa- 
tion. The development of a universal formula for thrust ap- 
pears to be more difficult. In the early tests on a large number 
of steels (1), formulas were obtained similar to those obtained 
in the present tests with small drills. The exponents of the equa- 
tion, as well as the constant, were slightly different, however, 
due largely to the characteristics of the steels. 

The graphs prepared for the steels, together with Figs. 17 and 
18, will furnish values for torque and thrust for the whole range 
of drills for those steels tested. The graphs for the cast irons, 
brass, and aluminum have been made as complete as possible 

¥ 
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so that information for all drill sizes can be read directly from 
them. These various graphs are congested to make the paper 
as condensed as possible. 
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'. This paper, submitted under the sponsorship of the 
_ Joint A.S.T.M.-A.S.M.E. Research Committee on Effect 
of Temperature on the Properties of Metals, is a report on 
long-time creep tests now in progress on water-quenched 
18 per cent Cr, 9.5 per cent Ni, 0.067 per cent C steel 
at 1200 F, and on an annealed 0.35 per cent C steel at 
850 F. Stresses used were estimated to produce rates of 
deformation of approximately 0.0001 per cent per hour. 
_ The tests to date have progressed from 4000 to 7000 hours. 


} 


INTRODUCTION 


} T THE meeting of the A.S.T.M.-A.S.M.E. Joint Re- 

search Committee on Effect of Temperature on the Prop- 

erties of Metals in Atlantic City, N. J., in June, 1934, 

, C. E. MacQuigg, chairman of subcommittee No. 3 on technical 

| projects, was authorized to start two long-time creep tests at 

the Battelle Memorial Institute on the previously tested 18 Cr 

8 Ni steel (K19)‘ and two long-time creep tests on a 0.35 per 

cent C steel to be supplied by P. E. McKinney of the Bethlehem 
Steel Company. 

This program was undertaken to procure data for comparisons 
of creep rates obtained over short and long periods of time. 
These data will permit comparisons of values obtained by extra- 
polations and computations from creep tests of short lengths with 
the actual test data obtained over longer test periods. The 
tests have now run from 4000 to 7000 hours. It is planned to 
continue the present tests to at least 10,000 hours and they may 
be continued for longer periods at the discretion of the joint com- 
mittee. 


1 Progress report of the A.S.T.M.-A.S.M.E. Joint Research Com- 
i mittee on Effect of Temperature on the Properties of Metals. 

{ 2 Member of research staff, Battelle Memorial Institute. Upon 
| graduation from high school Mr. Cross entered the Metallurgical 

Division of the Bureau of Standards. While so employed he at- 

tended George Washington University, being graduated in 1927 

with the degree of B.S. in Chemical Engineering. In December, 

1929, he joined the research staff of the Battelle Memorial Institute. 

In his work at both the Bureau of Standards and the Institute, Mr. 

Cross has concentrated on the investigation of the properties of 

\metals at elevated temperatures. 

3 Assistant metallurgist, Battelle Memorial Institute. Mr. Dahle 
received the degree of metallurgical engineer from the School of 
Mines at the University of Minnesota. He was employed by the 
engineering department of the Great Northern Railroad for three 
years. Since May, 1930, he has been on the staff at Battelle specializ- 
ing in research on the properties of metals at elevated temperatures. 

4 “High-Temperature Tensile, Creep and Fatigue of Cast and 
Wrought High- and Low-Carbon, 18 Cr8 Ni Steel From Split Heats,’’ 
by H. C. Cross, Progress Report of the A.S.T.M.-A.S.M.E. Joint 
Research Committee on Effect of Temperature on the Properties 
of Metals, Trans. A.S.M.E., vol. 56, 1934, paper RP-56-6, pp. 

» 533-553. 

Contributed by the A.S.T.M.-A.S.M.E. Joint Research Commit- 
tee on Effect of Temperature on the Properties of Metals and pre- 
/ sented at the Annual Meeting of Tam Amprican Society oF Mr- 
CHANICAL ENGINEERS, held in New York, N. Y., December 2 to 6, 
1935. 

Discussion of this paper should be addressed to the Secretary, 
A.S.M.E. 29 West 39th Street, New York, N. Y., and will be accepted 
until April 10, 1936, for publication at a later date. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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Long-Time Creep Tests of 18 Cr 8 Ni Steel 
: and 0.35 Per Cent Carbon Steel’ 


By H. C. CROSS? ano F. B. DAHLE, COLUMBUS, OHIO 


MATERIAL 


Specimens 15 in. long were cut from mill length B-12 of the 
low-carbon wrought 18 Cr 8 Ni steel (K19) and water-quenched 
from 2000 F. More complete data on this steel are shown in the 
previous report.4 

The Brinell hardness of the heat-treated bars ranged from 149 
to 152, in the same range as noted in the previous tests.4 

The 0.35 per cent C steel was supplied fully annealed. De- 
tails of the preparation, heat-treatment, and properties of this 
steel are given in another report submitted by the A.S.T.M.- 
A.S.M.E. Joint Research Committee.® 


Trst EQuIPMENT 


The creep-test equipment at the Battelle” Memorial Institute 
has been previously described. Creep-test furnaces 15 in. 


tes 


STRIPS 


—————_ 

075" 
CALIBRATION TEST 
SPECIMEN SPECIMEN 


Fia. 1 CaLisRATION AND Txrst SPECIMEN USED IN THE LoONG- 
Time Creep TEsts 
(Note platinum strips used for measuring deformation in the creep test.) 


long and 5 in. in diameter, which are longer, better insulated, 
and equipped with heavier windings than the older furnaces, 
were constructed for use in these tests to be more certain of 
dependable operation over the contemplated duration of the 
tests of 10,000 to 25,000 hours. 

All furnaces proved to be capable on calibration of meeting fully 
the requirements of the A.S.T.M. tentative test method E22- 


5 ‘Short-Time Tensile Tests at 850 F of the 0.85 Per Cent Carbon 
Steel Material K-20,’ Progress report by subgroup D on Short-Time 
Tensile Tests of subcommittee No. 3 on technical projects to the 
A.S.T.M.-A.S.M.E. Joint Research Committee on Effect of Tem- 
perature on the Properties of Metals, Trans. A.S.M.E., vol. 58, 1936, 
paper RP-58-4, pp. 97-101. 
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Fig. 2 Timm-DrrormatTion Curves at 1200 F 
For 18 Cr 8 Ni Street (K19), Specimens B38-2 


AND B12-2 
34T for long-time tension tests. Fig. 1 shows 
the test specimen used. 
Crenp TEsts 
Tests of 18 Cr 8 Ni Steel (K19). As decided 


by the joint committee, two tests were started 
simultaneously on the 18 Cr 8 Ni steel (K19) at 
the same load as specimen B38-2 of the previous 
tests,4 namely, 8345 Ib per sq in. at 1200 F. 
These tests were on specimens B12-1 and B12-2 
and were started on January 17, 1935. The 
time-deformation curve for specimen B12-2 is 
shown in Fig. 2 and the time-deformation curve 
for B12-1 is shown in Fig. 3. For ease of com- 
parison the time-deformation curve for specimen 
B38-2 (previous test program on K-19)‘ is also 
shown in Fig. 2. 

The initial deformations upon loading for 
specimens B12-1 and B12-2 were considerably 
less than for specimen B38-2. It soon became 
apparent that the rates of elongation for B12-1 
and B12-2 were greater than for specimen B38-2. 
In Fig. 2 the curve for B12-2, although starting 
at a lower initial deformation, crosses the curve 
for B38-2 at about 500 hours and continues to 
sbow a considerably higher rate of elongation. 
The curve for B12-1 in Fig. 3 more nearly ap- 
proximates the curve for B38-2 in Fig. 2, their 
total deformations at 1600 hours being 0.50 per 
cent for B12-1 and 0.6 per cent for B38-2. The 
slightly higher creep rate for B12-1 has reduced 
the difference between the two curves resulting 
from the different initial deformations. 

There is a sudden increase in deformation of 
specimen B12-1 at 1200 hours as noted from the 
curve. Similar effects, but not of the same mag- 


DEFORMATION 


O - 2000 HOURS 


4000 - 6000 HOURS 


nitude in all cases, were noted for every creep 
test in progress on this particular date. Care- 
ful examination of the equipment and the records 
of the automatic temperature recorder did not 
show any tangible cause for this occurrence. It 
was during a period of heavy rains, and since 
the building in the vicinity of the room containing 
the creep-test equipment has been gradually set- 
tling, the only explanation for this break in the 
creep curve is a sudden settling of the building, 
resulting in a decided jar to the creep-test equip- 
ment and specimens under load. 

The high rate of elongation shown by specimen 
B12-2 was most puzzling and after consultation 
with C. E. MacQuigg, chairman of subcommittee 
No. 3 on technical projects to the A.S.T.M.- 
A.S.M.E. Joint Research Committee on Effect of 
Temperature on Properties of Metals, it was de- 
cided to discontinue this test at 1000 hours and 
remove it for inspection and also to recheck by 
calibration the temperature uniformity of the 
creep-test furnace. 

When removed, this specimen had a most un- 
usual appearance as shown in Fig. 4. The surface 
was not evenly oxidized as is usually noted for 18 
Cr 8 Ni steel tested at 1200 F. The spotted areas 


6000 - 8000 HOURS 


1200 DEGF 


400 


TIME 


8345 LBS./SQIN. 


18CR 8NI 
800 1200 1600 


STEEL 
2000 


= HOURS 


Fria. 3 Timn-DxrrorMATION Curves AT 1200 F ror 18 Cr 8 Ni Stnxt (K19), 


SprcIMEN B12-1 
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looked as if corrosion and even pitting had taken 
place, altbough the specimen was tested in a 
furnace with an oxidizing atmosphere but in which 
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circulation was restricted. 
Thinking that the test specimen may have been 


taken from a bar of improper composition re- 
quirements, the magnetic permeability was de- 


CENT 


termined on this test specimen. Its permeability 
was even lower than specimens tested in creep and 
reported previously. Other 15-in. lengths from 


the same mill length and heat-treated at thesame a {'° 
time as the test specimen showed equally low per- 
meability. Recalibration of the creep-test furnace 1s 


PAZ 


showed a variation of 2 F at one location on the 
test specimen. Therefore, lack of temperature 


uniformity apparently was not the cause of the 
trouble. 
A disk about 0.3 in. thick was cut from the cen- 


4000 - 6000 HOURS 


ter of this test specimen. One of the large 
spotted areas was on this disk, which was turned 


over to Mr. MacQuigg for examination by Russell 
Franks of his company. Mr. Franks’s comments } 
after examination were as follows: \o7 


“Tt will be noted that the structure of this steel 
contains large dark spots distributed at random 


and in the grain boundaries. These spots appear 
bluish under the microscope, indicating that they 


represent an oxidized con- 
dition. In other words, 
the steel exhibited a form 


°o 
® 
+2000 - 4000 HOURS 


of intergranular oxidation 
whieh probably occurred 


DEFORMATION 


° 


either during manufacture 
or subsequently as a re- 
sult of heating to moder- 


ately high temperatures 
for long periods. This 


K-19 .Bl2-4 


1200 DEGF. 


same condition was noted 
in brittle 18-8 tubes we 
recently examined from 
an oil company; tubes 
from other oil companies 
have shown the same con- 
dition. The brittleness of 
the metal in this condi- 
tion cannot be entirely eliminated by 
quenching from 1150 C, as in the case 
when the brittleness results from carbide 
precipitation only. The present sample 
also contains considerable quantities of 
carbide precipitated at the boundaries 
and inside the grains.” 

These data suggest the possibility of 
minute porosity at the points of selec- 
.tive oxidation or corrosion on the sur- 
face and in locations where Mr. Franks 
discovered an oxidized condition. 

Two round Izod impact-test speci- 
mens were machined from this creep- 
test specimen B12-2 and when tested 
gave values of 103 and 104 ft-lb. The 
values obtained in similar impact tests 
on B38-2 in the previous investigation‘ 
were 99 ft-lb. 

Another test (specimen B12-4) was 
started at the same load and tempera- 


—————— 0 - 2000 HOURS 


Fie. 4 ApprARANCE 
oF CreEp-TeEst SPECI- 
MEN B12-2, 18 Cr 8 
Ni Stee. (K19), 
Arter Test or 1008 
Hours at 1200 F, 
AND Loap or 8345 LB 
PER Sq IN. 


8345 LBS./SQIN. 
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Fig. 5 Time-DerorMatTion Curves AT 1200 F ror 18 Cr 8 Nr Srezt (K19), 


SprcIMENn B12-4 


ture after recalibration of the creep-test furnace. This test 
specimen showed an initial deformation of about 0.06 per cent, 
which is similar to the values obtained on B12-1 and B12-2 
but lower than the value for B38-2. Table 1 gives a sum- 
mary of the creep-test data for the four specimens which were 
tested. Their time-deformation curves are shown in Figs. 2, 3, 
and 5. 

Of the two tests now in progress one test has run 7000 hours 
and the other has run about 5400 hours. Specimen B12-1 now 
at 7000 hours showed a decreasing rate of deformation up to 
about 3000 hours. At that time a minimum rate of deformation 
of 0.00013 per cent per hour was shown. As the test progressed 
beyond 3000 hours the rate of deformation was greater, with a 
noticeable increase in rate occurring at about 5800 hours and 
going up to a rate of 0.00021 per cent per hour at 7000 hours. 

The rates of deformation at various time intervals are shown 
on the time-deformation curves and the values for rates of def- 
ormation and total deformations at 1000-hour intervals are 
shown in Table 1. 

Specimen B12-4 showed an almost constant rate of deformation 
of 0.00021 per cent per hour from 1200 to 4500 hours. The rate 


94 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


TABLE 1 CREEP-TEST DATA ee! 18 Cr 8 Ni STEEL (K19) AT A TEMPERATURE OF 1200 F AND 
LOAD OF 8345 LB PER SQ IN 


Specimencno; ecm. < eels B38-2 B12-1 B12-2 B12-4 
Initial deformation, a ies ae 0.21 0.06 0.07 0.06 
Duration of test, Brit ae ea LOD 7000 1008 5400 
ee ae EEN 
Rate of Total Rate of Total Rate of Total Rate of Total 
deform., eform deform., deform., deform., deform., deform., deform., 
per cent per per cent per per cent per per cent per 
per hour cent per hour cent per hour cent per hour cent 
500 hr 0.000160 0.435 0.000210 0.27 0.00056 0.45 0.000430 0.41 
1000 hr 0.000160 0.510 0.000180 0.36 0.00045 0.692 0.000230 0.54 
1600 hr 0.000122 0.600 0.000155 02507 See A 0.000210 0.67 
2000 Kher | ee octoe alee ae 0.000155 0.57 : E ” 0.000210 0.75 
3000 hr 0.000130 0.70 Kies 0.000210 0.96 
4000 hr 0.000155 0286. (eee Be 0.000210 1.16 
BOOO UN Tees acetate | Miepeceiuas 0.000170 1:01 27 ee ae 0.000255 1.456 
GOOOUt oe ecteectenm eat) Mmetecteme 0.000205 Li 19) sete o Lahhnas nw 
OOO Vinttaemncieata ae | me oekaeer 0.000210 154002) eee CE Lb REESE 
a ee ee ee eee 
Total computed deformation 
as of 10,000 hr, %c........ yea 2.03 4.74 2.648 


a Test discontinued. 
’ Test continuing. 


c Computed by extrapolation of time-deformation curves at latest rate. 


of deformation then increased, and was approximately 0.000255 
per cent per hour at 5400 hours. 

Specimens B12-1 and B12-4 show higher rates of deformation 
than specimen B38-2 tested previously‘ and discontinued at 
1655 hours. 

In Table 1 are shown the total deformations in 10,000 hours 
computed by extrapolation of the time-deformation curves. 
Specimen B38-2 shows 1.71 per cent deformation as compared 
with 2.03 per cent for B12-1 and 2.648 per cent for B12-4. 

The difference of 0.32 per cent between specimens B38-2 
and B12-1 is not large. Of more concern is the difference of 
0.93 per cent between specimens B38-2 and B12-4, and 0.62 
per cent between specimens B12-1 and B12-4. It is conceivable 
from the evidence that, if the test on specimen B38-2 had been 
continued for comparable periods of 5400 to 7000 hours, its rate 
of deformation would have increased above 0.000122 per cent 
per hour and a closer check would have resulted with the later 
tests now in progress. 

The behavior of the two specimens run for the longer periods, 
is of considerable interest in that both of them, after showing 
diminishing rates, such as would be expected to appear as strain- 


hardening occurs on deformation, for periods well beyond the 
length of usual creep tests, then showed increasing rates as the 
tests progressed. The inflection in both curves occurs in the 
neighborhood of 3000 hours if their whole course were considered, 
although with specimen B12-4 the presence of the inflection was 
not discernible until approximately 5000 hours had elapsed. 

No prediction is made as to whether the upward trend of the 
curves will continue, i.e., whether the third stage of creep has 
been permanently entered, or whether strain-hardening will 
again show up and the rate again diminish to give a wavy curve 
with the waves far apart, a phenomenon discussed by Foley. 
Comparison of the results on the basis of accumulated strain, 
as brought out by Clark and Robinson’ should also be deferred 
until the tests have run still longer periods. 

Data for creep rates at 500 hours have been included in Tables 


6 Discussion by F. B. Foley of ‘“‘An Automatic Creep-Test Fur- 
nace-Guide,’”’ by P. H. Clark and E. L. Robinson, Metals & Alloys, 
vol. 6, February, 1935, pp. 50-51. 

7“An Automatic Creep-Test Furnace-Guide,’ by P. H. Clark 
and HB. L. Robinson, Metals & Alloys, vol. 6, February, 1935, pp. 
46-49. 
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1 and 2 since White, Clark, and Wilson® con- 
cluded that, where strain-hardening is slight, a 
500-hour test may be indicative of load-carrying 
ability for several thousand hours, but the sound- 
ness of the indication varies with the steel. So far, 
a correlation with the 500-hour figure might be 
claimed in but one of the four long-duration tests 
herein reported, and that one happens to be on 
the 18 Cr 8 Ni steel, a notably strain-hardening 
material. Again, it is too early to draw conclu- 
sions. 

However, these tests, together with the long- 
duration tests in the three references just cited,®”* 
strongly indicate that a whole family of creep 
curves, such as the one group shown by Clark 
and Robinson,’ or those diagrammatically pre- 
sented by MeVetty,® will certainly be helpful, 
and may be necessary, for a sound engineering 
evaluation of creep properties. The important 
question, on which these tests seek to throw light, 
is how far do the lower-stress tests in such a 
family of curves need to be extended experi- 
mentally? 

Tests of 0.85 Per Cent Carbon Steel (K-20). 
Some of the data available in the literature in- 
dicate that a stress of 10,000—12,000 Ib per sq in. 
might be expected to produce 1 per cent deforma- 
tion in 10,000 hours for a 0.35 per cent C steel 
when tested at 850 F. The time-deformation 


curves for the creep tests on the 0.35 per cent C steel are 


8 ‘Influence of Time on Creep of Steels,”’ by A. E. White, Gy le 
Clark, and R. L. Wilson, Proceedings A.S.T.M., vol. 35, part II, 


1935, pp. 167-186. 


® “The Interpretation of Creep Tests,” by P. G. McVetty, Proce. 


A.S.T.M., vol. 34, part II, 1934, pp. 105-116. 
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shown in Figs. 6, 7, and 8 and the details of the 
tests noted in Table 2. Considering that the 
hardness and tensile tests indicated a material 
heat-treated to produce properties probably on 
the soft side, the first creep test was started at 
10,000 Ib per sq in. This test was continued for 
about 1020 hours, at which time it showed a rate 
of about 0.00054 per cent per hour. This rate 
was considerably higher than desired for the long- 
time tests at the Battelle Memorial Institute, or 
the cooperative tests to be made by the different 
laboratories on this steel, so a second test was 
started at 9000 lb per sq in. This test was dis- 
continued at approximately 1440 hours at which 
time it showed a deformation rate of about 0.00026 
per cent per hour. This rate was also considered 
too high, and therefore a second test was started 
at 8000 lb per sq in. on a specimen numbered 
10-A4, and about 850 hours later a test was 
started at 7500 lb per sq in. on a specimen num- 
bered 25-B5. 

At the time of the June, 1935, Detroit meeting of 
the A.S.T.M.-A.S.M.E. Joint Research Commit- 
tee on Effect of Temperature on the Properties of 
Metals, the test on specimen 10-A4 indicated a def- 
ormation rate of 0.00013 per cent per hour at 
1580 hours and the test on specimen 25-B5 indi- 
cated a deformation rate of 0.00011 per cent per 
hour at 670 hours. Therefore, it was decided to 
continue both tests rather than run duplicated 
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tests at the same load. These tests have been continued, and at 


the time this report was written the test on specimen 10-A4 at 


4005 hours. 


8000 Ib per sq in. had been running for 5000 hours while the test 
on specimen 25-B5 at 7500 lb per sq in. had been running for 


Specimens 10-A4 and 25-B5 have shown a steadily decreasing 
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TABLE 2 CREEP-TEST DATA FOR 0.35 PER CENT CARBON STEEL (K20) AT A TEST TEMPERA- 
TURE OF 850 F 


Specimen no....... 10-A1 10-A3 10-A4 25-B5 
Load, lb per sqin..... 10,000 9000 8000 7500 
Initial deformation, %..... 0.05 0.05 0.04 0.05 
Duration of test, hr........ 1030 1440 5000 4005 
Rate of Total Rate of Total Rate of Total Rate of Total 
deform., deform., deform., deform., deform., deform., deform., deform., 
per cent per per cent per per cent per per cent per 
per hour cent per hour cent per hour cent per hour cent 
HO OMn tegen Aeon Seas 0.00056 0.52 0.000390 0.32 0.00017 0.210 0.000120 0.175 
1000 hr 0.00054 0.804 0.000335 0.50 0.00015 0.280 0.000120 0.240 
14000 ree cnceee Oe Peter ete 0.000260 0.60¢ 0.00013 0.340 0.000100 0.280 
OOO MT cua Gah Wn. sens to (hee: = 0.00011 0.400 0.000090 0.340 
SOOO ae. tai tere ae caso 0.00010 0.510 0.000090 0.425 
4000Uhr a8 7 sched, oy anaes s PRRSS er: 0.00009 0.605 0.000075 0.5006 
[AQUOS eee Me Ot ck Melee ciC Pee Me gees 0.00009 (stifle bride on 
Total computed deformation 
as 10,000 hr, %c. 2.5... 5.66 2.84 1.135 0.95 


a Test discontinued. 
b Test continuing. 


ec Computed by extrapolation of time-deformation curves at latest rate. 


rate of deformation as the test period bas increased until both 
are now below 0.0001 per cent per hour, with specimen 25-B5 
showing a slightly lower rate of deformation than specimen 
10-A4, as is shown in Figs. 7 and 8 and also in Table 2. 
Their computed total deformations as of 10,000 hours are 1.185 
per cent for specimen 10-A4 and 0.95 per cent for specimen 
25-B5. 


It should be noted that it was the decision of the A.S.T.M.- 
A.S.M.E. Joint Research Committee on Effect of Temperature 
on the Properties of Metals to request all those who cooperated 
in the long-time tests on the 0.35 per cent C steel (K20) to run 
their tests at least 1000 hours at a load of 7500 lb per sq in. at 
850 F so that the cooperative tests may be compared with the 
long-time tests now in progress. 


—_ 


| hearth furnace. 
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Short-Time Tensile Tests at 850 F of the 0.35 
Per Cent Carbon Steel Material K20 


The K20 Material Was Tested in Accordance With the Short-Time High-Temperature 
Test Code, A.S.T.M. Specification E21-34T 


N ORDER to carry on a study of testing methods at ele- 
vated temperatures, the A.S.T.M.-A.S.M.E. Joint Re- 
search Committee on Effect of Temperature on the Prop- 

erties of Metals obtained a heat of 0.35 per cent carbon steel from 
the Bethlehem Steel Company. This material was designated 


» as K20. The detailed report on the preparation and preliminary 


testing of this material as given by the Bethlehem Steel Company 
is as follows: 

“In order that the various cooperating laboratories may have 
a complete history of the 0.35 per cent carbon steel which Beth- 


’ Jehem has prepared for the purpose of standardizing creep-test 


equipment, I am including herewith data pertinent to the melt- 


ing and rolling of this particular heat. 


“The melt in question was the product of a 100-ton basic open- 
Its melting charge consisted of the following: 


Structuralishapess) 22) ste Gette eso - 105900 lb 
Drop-forge; flash. cae 26 ane oe tee sehen = 13000 1b 
Gast-IrowTollssee cs Pere eee ere ele 12400 Ib 
Hot metal (four additions).............. 108700 lb 
AOtalnmMe tallies mre. Aas oe ee eel ie care 240000 lb 


“Deoxidation was accomplished by the addition of (1) 1500 
Ib of 80 per cent ferro manganese in the furnace, (2) 14 per cent 
silicon in the furnace, and (3) 50 per cent silicon in the ladle. 

“The aluminum addition consisted of 1.2 lb per ton and was 
added in the ladle. 

“Thirty-inch corrugated ingots were used and teemed through 
a 11/,-in. nozzle, the following temperatures being observed dur- 
ing tapping and teeming: (1) Temperature while tapping, 2875 
F; and (2) temperature during teeming, 2680-2660 F. 

“All of the ingots (18) were moved after four hours, stripped, 
and charged hot into the soaking pits. 

“The third ingot, from which the bars in question were taken, 
were heated for six hours, rolled to 4-in. by 4in. billet stock and 
then ash-buried to permit slow cooling. Surface inspection re- 
vealed these billets to be entirely satisfactory from the standpoint 
of scale, visible defects, etc. 

“Normality and acid-etch specimens taken from each end re- 
vealed fine grain (6-8) sound material and accordingly all billets 
were approved for rolling. It was, however, thought best to dis- 
card the bottom cut and roll 2000 Ib of adjacent material to 1-in. 
round bar stock. This operation was conducted in the usual 
manner, the details of which are unimportant. 

“After making carbon determinations on each of the above 
bars, 50 mill-length specimens were selected as representing the 

1 Progress report by Subgroup D on Short-Timé Tensile Tests, 
H. J. Kerr, chairman, to the Joint A.S.T.M.-A.S.M.E. Joint Research 
Committee on Effect of Temperature on the Properties of Metals. 

Contributed by th T.M.-A.S.M.E. Joint Research Committee 
on Effect of Temperature on the Properties of Metals and presented 
at the Annual Meeting of Tam American Society or MrcHANICAL 
Encrnerrs, held in New York, N. Y., December 2 to 6, 1935. 

Discussion of the paper should be addressed to the Secretary, 
A.S.M.E., 29 West 39th Street, New York, N. Y., and will be ac- 
cepted until April 10, 1936, for publication at a later date. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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TABLE 1 PER CENT CARBON IN BARS OBTAINED FROM 
BETHLEHEM STEEL COMPANY 


Carbon Carbon, 
Bar no. per cent, Bar no per cent 
1 0.35 26 0.35 
2 0.34 27 0.36 
3 0.34 28 0.35 
4 0.35 29 0.35 
5 0.36 30 0.35 
6 0.36 31 0.36 
7 0.35 32 0.35 
8 0.35 33 0.36 
9 0.34 34 0.35 
10 0.35 35 0.36 
11 0.35 36 0.35 
12 0.35 37 0.36 
13 0.35 38 0.35 
14 0.36 39 0.36 
15 0.36 40 0.35 
16 0.36 41 0.36 
17 0.36 42 0.35 
18 0.35 43 0.35 
19 0.35 44 0.35 
20 0.37 45 0.36 
21 0.36 46 0.37 
22 0.35 47 0.35 
23 0.36 48 0.35 
24 0.35 49 0.35 
25 0.35 50 0.36 


most uniform material chemically. These bars were numbered 
from one to fifty inclusive, which identity they stillretain.” (The 
carbon content of these bars is given in Table 1.) 

“Tt will, therefore, be seen that the carbon content of these 
specimens is extremely uniform and while other elements were 
not checked on each bar, sufficient chemical determinations were 
made to convince us that the material was uniform. Complete 
analysis of this heat is as follows: 0.35 per cent carbon, 0.55 per 
cent manganese, 0.016 per cent phosphorous, 0.03 per cent sul- 
phur, and 0.19 per cent silicon. 

‘‘Heat treatment consisted of the following operations: 

‘Heated to 1550 F in 2 hours, held 1 hour and furnace cooled 
to 1000 F from which temperature the bars were air cooled. 

‘‘Reheated to 1280 F in 4 hours, held 2 hours and cooled in the 
furnace to 1000 F, then air cooled. 

“These treatments were conducted in the latest types of elec- 
tric furnaces equipped with roller hearths and all other acces- 
sories designed to insure uniformity. 

“Routine preparations of bar stock for subsequent shipment 
would necessarily include a cold-straightening operation which, 
while not entirely necessary, was inadvertently applied. In 
order to eliminate any cold-working effects which might have 
been brought about by this process all bars were again heated to 
950 F and air cooled. 

“Tensile tests taken from one end of each bar indicated a fair 
degree of uniformity while Brinell readings were very nearly iden- 
tical. Upon examining the various stress-strain curves, it was 
thought that perhaps the slight bending encountered in straight- 
ening had not been entirely removed by the 950 F draw since an 
occasional variation in elastic limit was apparent. 

“Accordingly, it was decided to re-treat the bars and the treat- 
ing cycle was repeated with the elimination of cold straightening. 
Physical retests revealed a greater degree of uniformity, and 
after discussing the various stress-strain curves with various in- 
dividuals, the bars were thought to be satisfactory for the purpose 
intended. 


/ 
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“Stress-strain curves along with Brinell hardness values for 
corresponding bars are submitted with this report. In calculat- 
ing true elastic limit from the Baldwin-Southwark recorder 
curves, each vertical division on the cross-section paper is equal 


to 250 lb dead load, which value must, of course, be converted to . 


pounds per square inch on a 0.505 by 2 in. specimen.” 
Bethlehem Steel Company 
P. E. McKinney 


TABLE 2 RESULTS OF IMPACT TESTS AT HIGH 


TEMPERATURES 
Test ———Charpy impact resistance, ft-lb 
temperature, F Cooperator No. 1 Cooperator No. 2 

80 31.5 33.5 32 33 
450 45.0 45.5 43 43 
600 44.0 48.5 40 41 
750 34.5 35.5 37 39 
850 28.5 29.0 32 32 
1000 23.0 26.0 22 24 
1200 68.0 73.0 55 56 


formity of K20 material and in order still 
further to define its properties. 


AAOSTELL 


Tests at High TEMPERATURES 


Impact Tests. Duplicate Charpy key- 
hole notch impact tests were made at 
seven temperatures by two cooperators. 


The results of the tests are given in Table 
2. The specimens were held at the test 


temperature for 11/2 hours before testing. 


There is good agreement between the re- 
sults submitted by the two cooperators 


except at 1200 F. However, the same 


trend of the impact-resistance curve is ob- 


served in both sets of data. These values 
must be regarded as short-time test results 


since they become entirely different after 


STRESS 1N THOUSANDS OF POUNDS PER SQV 


long exposure to temperature. 


so* 
GYiGLES: 


Fic. 1 Enpurance Curve oF 0.35 Per Cent Carson STEEL K20 


Attached to Bethlehem’s report were stress-strain curves repre- 
senting the 49 coupons tested, and the data pertaining to their 
ultimate strength and ductility. The data indicate remarkable 
uniformity at room temperature. The minimum and maximum 
values, respectively, were given as: Ultimate strength, 68,000— 
70,000 lb per sq in.; proportional limit, 21,500—24,000 lb per sq in.; 
elongation in 2 in., 36.5-39 per cent; reduction of area, 62.3-65.8 
per cent; and Brinell hardness number, 128-131. 

A truer picture of the uniformity of the material is obtained by 
noting that out of the 49 tests, the ultimate strength of 39 tests 
showed an ultimate strength between 69,000 and 69,500 lb per sq 
in., 31 tests showed between 37.5 and 38.5 per cent elongation in 
2 in., 47 tests showed a reduction of area between 64.7 and 65.8 
per cent, and 44 tests gave a Brinell hardness number of exactly 
131. 

Fig. 1 shows the results of fatigue tests on the K20 steel. The 
tests were made on rotating-beam machines of the R. R. Moore 
type, giving 1740 cycles per min. The specimens were of con- 
ventional form and were polished longitudinally so as to be free 
from circumferential scratches. 

The endurance limit at 50 million cycles is 35,500 lb per sq in. 
There is no indication that a value appreciably lower would be 
found at a still larger number of cycles. The two specimens 
which were unbroken after 50 million cycles were retested at 
45,000 lb persqin. The results show little evidence of strength- 
ening by understressing, and some indication of damage by a 
stress of 35,000 lb per sq in. 

It is generally recognized that the fatigue test is very sensitive 
to slight differences in the specimens and that commonly the 
stress-cycle relation is a band of considerable width. Steel K20 
is remarkably free from this “scatter,” all but two of the points 
being very close to a smooth curve. These tests, made at Bat- 
telle, are presented as additional evidence of exceptional uni- 


jo” 


Creep Tests. Preliminary data on long- 
time (creep) tests of material K20 are 
presented in another report.? 


Vaid 


ELEVATED TEMPERATURE TzEsTs AT 850 F 


A.S.T.M. tentative specification E21- 
34T was set up to provide a test code for short-time tensile tests 
at elevated temperatures. In order that this code might be 
tested, prior to its adoption as a standard, a number of members 


TABLE 3 SHORT-TIME TENSILE TESTS AT 850 OF THE 0.35 
PER CENT CARBON STEEL MATERIAL K20 


Temp at 
Propor- Stress at Stress at center 
Ultimate tional 0.1 per 0.2 per Reduc- (Co) 
Co- strength, _limit, cent set, cent set, Elong., tion of of gage 
operator lb per lb per lb per lb per per area, length, 
oO. aq in. aq in. sq in. sq in. cent percent F 
1 51,820 Frere ene re, 42.0 78.0 850 
49,180 a ihes Mente | art 43.0 78.9 850 
49,180 Wen See Pate 40.0 78.0 850 
2 47,550 10,200 18,525 20,210 45.8 78.4 850 
49,450 10,100 18,500 20,200 45.6 78.3 850 
3 47,700 18,000 21,000 23,000 34.0 77.9 8650 
46,800 17,000 20,000 21,700 33.0 78.5 850 
46,600 18,500 21,000 22,500 34.0 78.7 850 
4 46,350 oe 18,500 20,200 49.0 79.2 849 
45,700 RA 18,000 19,800 49.0 79.3 849 
5 45,500 16,500 19,500 20,500 49.0 80.1 850 
45,125 Bdccss aga eee 51.0 80.5 850 
6 45,175 6,250 17,500 19,375 48.5 80.2 850 
44,600 5,000 16,800 18,750 48.5 80.4 850 
7 44,200 aghhs 17,300 19,000 42.5 80.0 855 
44,800 21,600 22,500 43.0 81.0 855 
45,100 bees 17,700 19,700 42.0 80.0 855 
8 44,100 11,400 18,100 19,800 46.9 81.3 850 
9 43,750 10,000 18,200 19,900 47.0 80.9 875 
43,400 11,250 19,100 20,700 47.5 80.9 875 
10 40,5) 11,000 18,500 rere 52.0 81.5 850 
46,400 ,000 17,400 ee ers 50.0 80.8 850 
42,500 11,000 17,750 19,750 56.0 80.6 850 
11 42,800 15,000 Fas A sic 49.0 79.8 850 
12 40,200 10,000 16,500 18, 000 aiy59. 4 84.0 850 
43,500 12,500 17,250 18,750 55.2 82.3 850 
43,900 12,500 18,250 19,500 53.6 81.8 850 
13 41,500 10,100 17,600 18,600 54.4 82.9 850 
42,400 13,000 18,000 19,800 56.7 82.4 850 


2“Long-Time Creep Tests of 18 Cr 8 Ni Steel and 0.35 Per Cent 
Carbon Steel,” by H. C. Cross and F. B. Dahle, progress report of 
the A.S.T.M.-A.S.M.E. Joint Research Committee on Effect of 
Temperature on the Properties of Metals, Trans. A.S.M.E., vol. 28, 
1936, paper RP-58-3, pp. 91-96. 
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of Subcommittee D of Committee III were requested to cooper- 
ate in testing at 850 F, strictly in accordance with this code, 
the 0.40 per cent carbon steel known as K20. 

The cooperators in this test given alphabetically are: Babcock 


’ & Wilcox Company, Battelle Memorial Institute, Carpenter 


Steel Company, Crane Company, Lunkenheimer Company, 
Midvale Steel Company, Republic Steel Company, Scovill Manu- 
facturing Company, University of Illinois, University of Michigan, 


-) and the Westinghouse Electric and Manufacturing Company. 


In preparing the various tables and charts, which are a part 
of this report, the cooperators have been numbered consecu- 
tively, but not in the same sequence as in the alphabetical listing. 

Table 3 lists all of the data as reported by the various coopera- 


_ tors, as well as the temperature at the middle of the gage length 


on the outside of the coupon, or at point Co. In preparing this 
table, the data have been listed in the order of descending average 


~ ultimate tensile strengths. 


The data from the various cooperators have been plotted in 
Figs. 2 and 3 in the same order. From these charts it can be 
seen readily that the other properties do not produce an equally 
smooth curve.. This is quite noticeable in the case of the pro- 
portional limit, and the elongation in 2 in. These will be dis- 
cussed later under the head of “Sensitivity” and “Temperature 
Variation Within the Furnace.” 

Cooperator No. 1 did not conduct these tests according to the 
A.S.T.M. specification, and as a result only offered his data for 
comparison purposes; therefore, in making certain statements 
and comparisons in this report, his work has not been included. 
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The extreme variations between the highest Yalues reported 
(No. 1 omitted), namely, by cooperator No. 2, and the lowest 
values reported, namely, by cooperator No. 13, are given in 
Table 4. a! 

The factors which might enter into the variation noted be- 
tween the various cooperators may be given as follows: (1) 
steel, (2) testing machine, (3) verification of machine, (4) room 
temperature, (5) temperature equilibrium, (6) calibration bar, 
(7) speed of testing, (8) temperature-measuring apparatus, (9) 
sensitivity of extensometers, (10) furnace design, and (11) varia- 
tions in temperature throughout the furnace length. 
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TABLE 4 VARIATION OF HIGHEST AND LOWEST VALUES 
SUBMITTED BY COOPERATORS 


Cooperator Cooperator 
—No. 2— —No, 13— 
Ultimate strength, lb persqin......... 49450 47550 42400 41500 
Proportional limit, lb per sqin.... . 10100 10200 13000 10100 
Stress at 0.1 per set, lb per sq in. 18500 18525 18000 17600 
Stress at 0.2 per set, lb per sq in. 20200 20210 19800 18600 
Elong. in 2 in., per cent. 45.6 45.8 56.7 54.4 
Red. of area, per cent...... 78.3 78.4 82.4 82.9 
Temp at Co, F.. ide 850 850 850 850 
Temp at C, a oe 3 832 832 849 849 
Temp at To, F See din ale ho, 3 812 812 846 846 
Temp at #o,-Rae-.- . ; 842 842 845 845 
52 ta aa a! Pe 7 
|\K-20 AT°850 F 
48 ea? neal sae 
Tensile 


Tensile in 1000 Lb per Sq In. 
$ da 
°o b 
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Cooperators 
Fie. 3 

Steel. The data submitted by the Bethlehem Steel Company 


and quoted earlier in this report, taken in conjunction with the 
uniformity as reported by other committees, warrants the elimi- 
nation of the steel as a source of the variations noted between the 
cooperators. It is noteworthy that each cooperator obtained 
excellent checks on his duplicate samples, but failed in certain 
instances to check other laboratories by a margin that is not in 
keeping with the narrow range of the room-temperature tensile 
properties. 

Testing Machines. All cooperators reported the use of stand- 
ard machines, recently calibrated, and that the tests were made 
at constant room temperature, with their furnaces shielded from 
abnormal drafts. They also further reported at least 1 hour at 
temperature, so as to insure temperature equilibrium; hence 
these factors may be eliminated. 

Calibration Bar. Considerable thought should be given to the 
question of whether a calibration bar of the type shown in Fig. 2 
of A.S.T.M. specification E21-34T, indicated the actual tempera- 
tures prevailing when a standard A.S.T.M. coupon is under test. 
It is questionable whether the temperature distribution is the 
same in the two cases. 

Speed of Testing. An effort to determine, from the data sub- 
mitted, the effect of speed of testing upon the proportional limit 
and the 0.1 and 0.2 per cent set, disclosed that four cooperators 
failed to report their speeds, seven reported speed of head of ma- 
chine (presumably without load), and only two reported rate of 
elongation between gage marks. Further, the reported speeds 
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TABLE 5 SENSITIVITY OF EXTENSOMETERS AND PROPOR- 
TIONAL LIMITS 


Proportional limit, 


Extensometer Sensitivity, ———lb per sq in.——— 
Group attached to in. Average Range 
A Gage length 0.000002 8800 5000-11000 
B Gage length 0.000100 10900 10000-12500 
¢C Shackles 0.000100 11550 10000—13000 
D Head 0.000400 15000 15000 
E Gage length 0.001000 16500 16500 
F Shackles 0.001000 17800 17000-18500 
TABLE 6 
Sensitivity, Avg proportional limit 
in. lb per sq in. 
0.00002 8800 
0.00010 11000 
0.00040 15000 
0.00100 17750 


varied from 0.001 to 0.31 in. per min for speed of head, and from 
0.00046 to 0.0065 in. per min when measured on the gage length. 
Speed of testing (the rate of deformation of the specimen) ap- 


ist aenerant 
Proportional Limit 
vs 
Sensivity 
at 850 F 


K-20 AT 850 F 


Proportional Limitin 
1000 Lb per SqIn 


10) 0.0002 0.0004 0.00! 


Sensivity in Inches 
Fia. 4 


pears to be a factor of importance. It is suggested that, in view 
of the wide differences in speed used by the cooperators, addi- 
tional work be done to determine the magnitude of this factor. 
A closer control of speed might have corrected some of the dis- 
crepancies in the reported values. Further work might show the 
necessity for a more rigid specification for testing speed in the 
code of recommended practice. 

Temperature-Measuring Apparatus. The information sup- 
plied by the cooperators warrants the conclusion that the tem- 
perature-measuring equipment was, in all cases, accurate to 
within at least +2 F. 

Sensitivity of HExtensometers and the Effect on Proportional 
Limit. The proportional limit as determined, showed an ex- 
treme range from 5,000 to 18,500 lb per sq in. Different types, 
except for their sensitivity, as well as different methods of at- 
taching the extensometers, make but little difference in the re- 
sults. 

Due to a difference in the method of conducting tests on dupli- 
cate bars, it was possible to divide the work of one cooperator 
into two groups, which were numbered cooperators No. 10 and 
No. 11. The real difference, in so far as this report is concerned, 
is the sensitivity of his extensometers. In case No. 10 he had 
greater sensitivity than in case No. 11. 

Since the 0.1 and 0.2 per cent set results vary, as will be dis- 
cussed later, in accordance with temperature conditions within 
the furnace, it appears that the sensitivity of the extensometer is 
the controlling factor in the determination of the proportional 
limits. The correctness of this statement is well illustrated by 
Table 5. The small differences between group B and group C, as 
well as between groups # and F warrant the data listed in Table 
6 and graphically shown in Fig. 4. Therefore, if proportional 
limit is to be considered in this or any other specification, it must 
be classed in accordance with the sensitivity of the measuring de- 
vice. 


Furnace Design. This feature is so bound up with ‘’Tempera- 
ture Variations Within the Furnace Length,” that they will be 
discussed together. 

In general, it may be stated that, with one exception, the fur- 
naces appear to be correct for the purpose intended. One co- 
operator is equipped with a furnace which is distinctly too short, 
and this condition is reflected in the results which he reported. 

Two new features were reported, namely: 

1 Taps from the winding are brought to the outside of the cas- 
ing, thus permitting, by the use of shunts, variable control of the 
current through any section. 

2 Suspending the furnace by cords and pulleys, with one end of 
a cord attached to a stationary support and the other end to the 
movable head of the testing machine, thus keeping the center of 
the coupon in the center of the furnace during the test. 

Even though the furnaces appear to be correct for the purpose, 
a careful study of the temperature survey data indicates varia- 
tions which are not only greater than allowed by specification 
E21-34T, but are also so great that they cause the variations 
noted in the test data. Table 7 is a tabulation of the tempera- 
ture-survey data obtained with the calibration bar. In this 
table all values reported by individual cooperators were adjusted 
so as to bring Co to 850 F. 

The temperature interval between the highest and lowest 


TABLE 7 TEMPERATURE DATA OBTAINED FROM CALIBRA- 


TION BARS 
Cooperator —————Point at which temperature was read-——-—— 

No. z Ti To Cc Cob B By Bo 
Le ere 
2 Bie 788 812 832 850 ates ae 842 
3 846 850 ee 846 850 717 729 arora 
4 849 852 849 850 850 850 853 848 
5 840 845 850 840 850 eae 840 848 
6 Sete Sete 854 ee 850 ae re 853 
Ze 815 818 833 845 850 ss 807 829 
8 se 817 846 842 850 mete 821 846 
9 820 825 artes 835 850 810 820 

10 ace apes 841 Ree 850 hoes pee 841 

ll 848 850 850 


12 859 853 «= 859's« 857) 850s 8841S 850 ~~ 859. 
13 845 847 846 849 850 847 849 845 
® No data submitted. 


> All values reported by individual cooperators were adjusted so as to 
bring Co to 850 F. 


TABLE&8 TEMPERATURE INTERVAL BETWEEN HIGHEST AND 
LOWEST TEMPERATURES REPORTED 


Location of Temperature 
temp. reading interval, F 
Wi 44 
Ti 65 
To 47 
C 25 
Co 8504 
B 133 
Bi 124 
Bo 30 


@ All data submitted by individual cooperators corrected to bring Co to 
F. 


TABLE.9 TEMPERATURE INTERVAL BETWEEN HIGHEST AND 
LOWEST TEMPERATURE REPORTED ON CALIBRATION BARS 


-—Temperature interval on— 


Cooperator Gage Calibration 
No. length, F bar, F 
2 “3 ae 
3 121 133 
# 5 5 

10 10 

6 4 4 

ao he 
33 

9 30 ad 40 

10 9 9 

11 2 2 

12 9 18 

13 5 5 


temperature reported at each point, by all of the cooperators in 
their temperature surveys is given in Table 8. The temperature 
interval between the highest and lowest temperature on each 
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Fic. 6 Proposep TENSILE COUPON FOR HIGH-TEMPERATURE TESTS 


- cooperator’s calibration bar is given in Table 9. The values in 
_ the second column represent the extreme difference between any 
- two of the points 7%, To, C, Co, Bi, and Bo, whereas the third 
_ column includes values at the additional points T and B. Only 
“six of the 13 cooperators reported temperature variations which 

do not exceed the 10 deg allowed in par. 5 (6) of A.S.T.M. speci- 
' fication E21-34T. 


colder, hence the tensile was higher and the elongation lower than 
as No. 13, where the temperature between Bz, Ti, and Co dif- 
fered only 3 F and only 5 F between any two points. 

Of further interest is the fact that he used, in both cases, an ex- 
tensometer of equal sensitivity, but attached it to the gage length 
in case No. 8 and externally in case No. 13. 

A eareful study of all data submitted, leads to the following 


Their data on physical properties and temperature survey, 
as shown by Fig. 5, is in much better agreement, but it still shows 
, the influence of temperature variations. 


K-20 AT 850 F 
Data of 6 Cooperators ; 

ro) Whose Temperature Variation 1S within 
Og ASTM E2/-34T7 
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Cooperators 


Fie. 6 


One of the cooperators conducted his tests with two furnaces, 
haying marked differences between them. These differences are 
reflected in his temperature surveys and physical results. In 
order to permit comparing these data, his work has been assigned 
two numbers, namely, Nos. 8 and 13. 

As No. 8, he did not report temperatures at T and B and he 
had a difference of 33 F between 7%, Bi, and Co with the ends 


conclusions: 

1 Temperature differences are the principal cause of (a) the 
variations in ultimate strength, (b) 0.1 and 0.2 per cent set, (c) 
elongation in 2 in., and (d) reduction of area. 

2 Sensitivity of extensometer controls the value of the propor- 
tional limit. 

3 Many furnaces were not properly compensated at the ends, 
so as to maintain, between the gage marks, uniform and constant 
temperatures during the time that the coupon is under test, that is, 
up to the moment of fracture. 

4 Insufficient heat at the ends causes the central portion of the 
gage length to be pulled toward a colder zone with resulting 
high-tensile and low-ductility values. See results of cooperators 
No. 3, 7, 8, and 9. 

5 Ovyercompensation, resulting in excess heat at the ends, causes 
the central portion to be pulled toward a hotter zone, with re- 
sulting low tensile and high ductility. See results of cooperators 
No. 6 and 12. 

In the opinion of Subcommittee III-D, the following changes 
should be made in A.S.T.M. specification E21-34T: 

1 The note, under par. 5(b), refers to a metallic lining to bring 
about greater temperature uniformity. This metallic lining or 
other adequate means of compensation should be required. 

2 Par. 5(b) permits a variation of 10 F in the gage length of 
the coupon. This should be changed to 5 F between any two 
points, including T and B. 

3 The zone of uniform temperature should be longer, there- 
fore the temperature survey should include points beyond the 
fillets and out into the threaded end of coupon. 

4 Temperature to be surveyed with actual test coupons. The 
use of a longer coupon (see next paragraph), and a longer zone 
of uniform temperature will eliminate the necessity for a hollow 
calibration bar. 

5 Coupon for elevated temperature test to be in accordance 
with Fig. 6. 

6 Par. 6(b) of A.S.T.M. specification E21-34T, to be changed 
to require, during test, the hot junction of thermocouples at 
points To, Co, and Bo. 
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_ 0.27 per cent carbon. 
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High-Temperature Properties of Cast and 
Wrought Carbon Steels From Large 
Valves for High-Temperature Service 


By H. C. CROSS? ann F. B. DAHLE, COLUMBUS, OHIO 


The authors report on a comparison made at tempera- 
tures of 750, 850, and 950 F of the short-time tension, 
impact, and creep properties of two forged and two cast 
carbon steels taken from finished valve bodies and tees 


' obtained from the regular commercial run of three 


reputable manufacturers and made for service at elevated 
temperatures. Each manufacturer suppling the material 
gave it the heat-treatment normally used in his own plant 
for that particular type of material. 

Two cast steels and one forged steel contained about 
0.35 per cent carbon and one forged steel contained about 
Definite differences in structure 
were found. One cast steel as supplied by the manufac- 
turer showed a spheroidized structure, while the other 
three steels were pearlitic. 

Results of the creep tests are compared with the struc- 
tures, and results of the short-time tension tests and 
impact tests at room and elevated temperatures are given. 


INTRODUCTION 


EAKNESS of steel in resisting deformation under long- 
continued loading at high temperatures is often as- 


cribed to the grain boundaries. A corollary statement, 
often made without qualification, is that materials with few 
grain boundaries, i.e., coarse-grained ones, such as castings, are 
superior in creep resistance to fine-grained materials of similar 
composition such as rolled or forged material. This generaliza- 
tion is easy to remember, and the engineer is only too likely to 
remember it and use it without qualification. 
At some high temperature, it is probably true that for a given 


1 Presented under the auspices of the A.S.T.M.-A.S.M.E., Joint 
Research Committee on Effect of Temperature on the Properties of 
Metals. 

2 Member of research staff, Battelle Memorial Institute. Upon 
graduation from high school Mr. Cross entered the Metallurgical 
Division of the Bureau of Standards. While so employed he at- 
tended George Washington University, being graduated in 1927 
with the degree of B.S. in Chemical Engineering. In December, 
1929, he joined the research staff of the Battelle Memorial Institute. 
In his work at both the Bureau of Standards and the Institute, 
Mr. Cross has concentrated on the investigation of the properties of 
metal at elevated temperatures. 

3 Assistant metallurgist, Battelle Memorial Institute. Mr. Dahle 
received the degree of metallurgical engineer from the School of 
Mines at the University of Minnesota. He was employed by the 
engineering department of the Great Northern Railroad for three 
years. Since May, 1930, he has been on the staff at Battelle 
specializing in research on the properties of metals at elevated 
temperatures. 

Contributed by the A.S.T.M.-A.S.M.E. Joint Research Committee 


of Effect of Temperature on the Properties of Metals and presented 


at the Annual Meeting of Tam Amprican Society or MECHANICAL 
Eneinerrs, held in New York, N. Y., December 2 to 6, 1935. 

Discussion of this paper should be addressed to the Secretary, 
A.S.M.E., 29 West 39th Street, New York, N. Y., and will be ac- 
cepted until April 10, 1936, for publication at a later date. 

Norn: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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composition and similar structure, the coarse-grained material 
has a higher load-carrying ability. It is not true that there is a 
superiority, in a coarse-grained structure, at either room tempera- 
ture or at the moderately elevated temperature at which creep 
properties begin to be important. 

The statement was perhaps originally made by French, 
Kahlbaum, and Peterson (1)4 in regard to 18 Cr 8 Ni steel at 
1180 F, but it was carefully qualified by comment on the dangers 
of coarsely crystalline metal from other viewpoints. Stanbery 
(2) comments on the assumption that, above the strain-hardening 
range, alloys of large grain size such as is found in castings are 
superior to those of the same composition but of smaller grain 
size as in the wrought state. On account of the greater likelihood 
of minute flaws and blowholes in castings, he balances these 
factors and uses the same design values for both cast and wrought 
materials, stating that this is the best thing to do in the present 
state of ignorance. 

Tapsell (3) states that a higher margin of safety would be re- 
quired for cast than for wrought materials in high-temperature 
service. One might even argue from such comments that the 
burden of proof as to soundness and equality of properties of 
cast materials as compared with wrought materials could properly 
be placed on the cast materials. At any rate the choice between 
them should be made on the basis of precise knowledge rather 
than vague generalities. 

Workers of the present day generally qualify the statement by 
confining it as Stanbery did to temperatures above the equico- 
hesive-temperature range, that is, the blue-brittle or strain- 
hardening range, usually without being very specific as to what 
the temperature is for the particular alloy under consideration. 

Bull (4) states: “Other conditions being the same, a steel 
casting of a given composition is apt to show less deterioration 
from heat alone than does a steel forging or a part made of rolled 
steel.”’ However, in another sentence he qualifies this as holding 
only at and above the blue-brittle range. 

Trinks (5) states: ““Experimenters are agreed that castings of 
a given alloy have higher creep strength than rolled or forged 
material of the same composition, apparently because at high 
temperatures the larger crystal structure resists creep or plastic 
flow.” However, he does not specify where “high temperature” 
begins. 

Experimental evidence for such statements rests chiefly on 
the results of Kanter and Spring (6), who made 500-hour creep 
tests on cast and wrought steels (which varied in carbon content) 
and later compared 0.20 per cent carbon cast and forged steels 
in more extended tests. At 800 F and loads approaching reason- 
able design loads they found no appreciable difference between 
the cast and wrought 0.20 per cent carbon steels, while at 1000 
F and at extremely high loads a superiority of the castings was 
indicated. In short-time tests, even at the higher temperature, 
the forged steels were superior. 


4 Numbers in parentheses refer to bibliography at the end of the 
report. 
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Tapsell (3), writing just after the appearance of the paper 
of Kanter and Spring (6) and taking it into account, as well 
as his own work and that of other investigators, remarks that: 
“Carbon steel in the cast condition is probably no better and 
perhaps worse than steel which has been worked and afterward 
annealed or normalized.” 

Bailey and Roberts (7) examined a cast 0.30 per cent carbon 
steel and a forged 0.40 per cent carbon steel in creep at 930 F and 
found the forged steel to be markedly superior. 

Enders (8) coarsened the grain of wrought carbon steels of 
0.21 and 0.37 per cent carbon by overheating and gave varied 
anneals to cast carbon steels of 0.17, 0.20, and 0.33 per cent 
carbon. The latter two were high in manganese. These were 
then tested at 930 F by the accelerated method of Pomp and 
Enders, in which the rate of extension at some stage in a test of 
only 50 or 100 hours is determined and the long-time properties 
guessed at from this early rate. Such methods of test reflect 
some mixture of the short-time behavior and the beginning of the 
settling down to the conditions of long-time loading, and hence 
their results are extremely difficult to evaluate. Conclusions 
drawn from such tests alone are of very doubtful validity, but 
foreign literature is still full of them, and the conclusions become 
passed on and quoted as facts without qualification. 

Enders concluded that the coarsened structure of the wrought 
steels and the as-cast, or the very coarse structure of the castings 
annealed so as intentionally to retain a relatively coarse struc- 
ture, had greater resistance to creep at 930 F than the finer 
structure, although the short-time tensile values at 930 deg were 
but slightly affected. 

White, Clark, and Wilson (9), studying the creep of wrought 
low-alloy steels in coarse- and fine-grained condition concluded 
that: “Coarse-grained steels are not enough stronger than the 
fine-grained steels in the important range of industrial tempera- 
tures to urge a preference for coarse-grained steels. In some 
respects the fine-grained steels have advantages over the coarse- 
grained steels.” 

In a report presented to this Society two years ago upon work 
sponsored at Battelle Memorial Institute by the Joint A.S.T.M.- 
A.S.M.E. Research Committee on Effect of Temperature on the 
Properties of Metals (10), it was brought out that, at tempera- 
tures at which the alloy is normally used for service requiring 
resistance to creep, cast and wrought 18 Cr 8 Ni steel of two carbon 
contents from two split heats failed to show any superiority in 
creep for the coarse-grained cast material. Indeed, the very 
coarse crystalline cast material tested was inferior on the whole. 

The suspicion arose from this work that there might be other 
cases in which the generalization was inaccurate and the superi- 
ority illusory, since the coarse-grained material might show its 
superiority only at such a high temperature that no good engineer- 
ing use could be made of it. If, through reasons of oxidation or 
corrosion, or through the absolute value of load-carrying ability’s 
being so low that another type of alloy would have to be chosen 
for the service, a comparative superiority appearing only at an 
unusably high temperature would be of academic but not of 
engineering interest. 

If it is conceded that at only slightly elevated temperature the 
fine-grained material is the better in creep, and at some extremely 
high temperature the reverse is true, the important question is: 
Just where do the curves cross and what are the temperature 
ranges in which either one shows measurable superiority? 
Another question is: How much of a major variable is grain size? 
That is, does it overbalance and swamp out other variables that 
may appear due to furnace practice, variations in heat-treatment, 
ete.? Clark (11), Kinzel (12), and Whitney (13) have each 
commented on extreme variations in behavior of carbon steels 
in creep, which they ascribe to factors other than grain size. 
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In view of the conflict of opinions and evidence, it appeared 
that it would be useful to examine plain carbon ferritic steels, 
cast and wrought, in somewhat the same manner that the austen- 
itic 18 Cr 8 Ni steels had been examined at the Battelle Memorial 
Institute. Engineering, as well as theoretical, problems were 
involved, since specification-making committees of engineering 
societies have been faced with the problem whether to lump cast 
and wrought materials for high-temperature service, or to dif- 
ferentiate between them and require different factors of safety. 
The question arose in regard to valves, in particular, and in view 
of the conflicting evidence the permitted design loads at permitted 
temperatures were set the same for both materials. However, 
additional information bearing on the justification or lack of it 
for this assumed equality on an engineering basis seemed de- 
sirable. Hence, it was decided not to use a split heat but to 
secure commercial material in the form of actual large valves or 
tees, matching the chemical composition as closely as possible, 
consistent with suitability for a casting or a forging, rather than 
to penalize either the forging or the casting by choosing a com- 
position or furnace practice suitable for one product but not 
necessarily acceptable to makers of the other. 

To obtain test material representative of carbon steels as used 
in actual service at elevated temperatures, arrangements were 
made with several well-known valve manufacturers to supply 
large valves of cast and forged carbon steel taken from their 
regular production of such parts. 


MATERIAL 


A standard 5-in. 600-lb carbon cast-steel flanged tee, desig- 
nated as C, was obtained from one manufacturer, and a standard 
5-in. 600-lb carbon cast-steel swing check valve, designated as 
SC, was obtained from another manufacturer. Complete data 
as to melting, casting, heat-treatment, and physical properties 
were furnished by each. 

Chemical analyses of the two cast steels are shown in Table 1. 


TABLE 1 CHEMICAL COMPOSITION OF THE CAST AND 
FORGED CARBON STEELS 
——Cast steel——_ -— Forged steel —~ 
Element C Sco F LFb 
Carbons...nent ener on Oeco0 0.340 0.370 0.270 
Manganese.......... 0.630 0.810 0.610 0.630 
Phosphorus.......... 0.012 0.026 0.016 0.013 
Sulphur:jcrcnnee cae 0.031 0.039 0.023 0.035 
Silicon toe OS 40 0.500 0.240 0.180 
Chromium: ...:..2-:< , 0.060 0.020 0.110 Nil 
Nickelos tence dtr. 0.170 0.050 0.180 0.035 
Tungsten. !s.. 2.) oc» “OL000 Nil Nil Nil 
Coppericiccssen.s: (O229 0.040 0.040 0.080 
Molybdenum........ 0.010 0.010 0.020 0.005 
@ Spheroidized. 
b Low carbon. 
The analyses of the cast steels are quite similar. The slight 


differences in nickel, copper, and silicon are not considered as hay- 
ing much effect on the properties at elevated temperatures. 
With the chemical composition of the two cast carbon steels 
available, it was arranged with a manufacturer of forged carbon 
steel valves to furnish a standard 6-in. 600-lb forged tee of the 
same approximate chemical composition as the cast steel. Since 
this manufacturer usually supplies the standard 6-in. 600-lb 
forgings with a little lower carbon content than the content of 
0.35 per cent carbon used in the cast steels, it was arranged that 
there be furnished also a forging from the more usual composi- 
tion. The chemical compositions of the two forged steels are 
shown in Table 1. It will be noted that according to usual prac- 
tice the two forged steels show a lower silicon content and that 
the forging LF shows a slightly lower carbon content. Otherwise, 
the compositions of the four steels are quite similar. j 
For identification purposes one cast steel has been designated 
as C, and the other cast steel designated as SC because metal- 


——— 


} 
f 
. 


RESEARCH RP-58-5 105 


with many others. The total annealing cycle was 19 hours. A 
period of 3 hours was required to reach a temperature of 1400 F 
and an additional hour was used to reach 1600 F, after which the 
temperature was held 4 hours between 1600 and 1650 F. The 
castings were permitted to cool in the furnace to 700 F before 


Fie. 1 Cast-Srret TEE 
(Steel designated as C. Chemical composition given in Table 1.) 


Fie. 3 Foreep TEEs 


(Steels designated as F and LF, low-carbon. Chemical composition given in 
Table 1.) 


: Cc 
. , F 
Fie. 2 Cast-Stern VALvE Bopy 
Spheroidized steel designated as SC. Chemical composition given in 
Table 1.) : 
. ographic examination indicated it had been heat-treated to 
wroduce a spheroidized structure. The forged steel with similar 


sarbon content to the cast steels has been designated as F’,, and 
he forged steel with the lower carbon content as LF. 

GC al pen ie bas poet cai eee are seule Fia. 4 Macrortcurep Ssections or Frances Taken From Terns 
urnace heat, and the final deoxidation was done in the ladle with Jaw WAlisim, BONIS @aEETL Tae SeGnnS 

Ib of aluminum per ton of steel. The casting was annealed (Chemical composition given in Table 1.) 
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being removed. Fig. 1showsthe cast tee C. The cast-steel valve 
body SC was poured at 2800 F. For heat-treatment the casting 
was heated 5 hours at 1740 F and allowed to cool slowly in the 
furnace, then reheated to 1440 F for two hours and cooled slowly 
in the furnace. Fig. 2 shows the cast-steel valve body SC. 
It was understood that these heat-treatments are standard 
practice with the two manufacturers. 

The forged steel F was obtained from a heat the melting data 
of which were supplied as follows: Type and size of furnace, 
75-ton basie open-hearth. (2) Deoxidation, 1500 lb Spiegeleisen, 
800 Ib of 10 per cent silicon pig, 75 lb aluminum, size of melt 
187,800 lb. (3) Pouring temperature, normal. (4) Size of 
ingot, 22'/, in. square; Gathmann big-end-up, hot-top mold; 
(5) Recarbonization of melt, none. (6) Reheating and reduc- 
tion of ingots, ingots not allowed to go cold. Charge placed in 
soaking pits for 4 hours at a temperature between 1600 F and 
1900 F and then rolled at about 2100 F. 

The finished forging was made from a billet about 13 in. square 
and 25 in. long. Forging was done in three operations, with 
initial break-down forging temperatures of about 2350 F, drop- 
ping to final temperatures of about 2000 F except in the final 
operation where all forging was carried out at 2200 F or higher. 

The forged steel LF was obtained from a heat the melting 
data of which were supplied as follows: (1) Deoxidized with 
ferro silicon and silicon pig in the furnace. No ferro silicon was 
added in the ladle. Aluminum was added in the ladle at about 
0.45 lb per ton. Size of melt about 100 tons. (2) Estimated 
pouring temperature: 2800-3000 F. (3) Heat about 12 hours. 
(4) Size of ingot: 221/, in. X 22'/,in. X 72 in. Gathmann big- 
end-up, hot-top mold. (5) Recarbonization of heat: none. (6) 
Forging temperatures used were slightly lower than for the forged 
steel F with 0.37 per cent carbon. 

For heat-treatment the forgings were heated to 1550 F for 
41/. hours and cooled in air. It is understood that the forgings 
supplied were taken from a number run through under this 
manufacturer’s normal production procedure. Fig. 3 shows the 
type of forging supplied and designated as F and LF. 

Fig. 4 shows the structure found in the flanges of the four 
materials used in the investigation as developed by deep etching. 
The sections shown were cut parallel to the radius of the flanges. 
Structures in steels C and SC are typical of castings. The flow 
lines observed in the forgings F and LF radiate from the base of 
the flanges. 

Figs. 5, 6, 7, and 8 show the structures of the materials under 
test at a magnification of 100. Fig. 5 shows the structure of 
cast steel C with large pearlite patches. Fig. 6 shows the struc- 
ture of cast steel SC in which no pearlite patches are visible; 
instead the carbides are almost completely spheroidized. Fig. 7 
shows the structure of the forging F. Smaller and more evenly 
distributed pearlite patches are noted when compared with cast 
steel C shown in Fig. 5. Fig. 8 shows the structure of the lower- 
carbon forging LF, in which a smaller number of well-distributed 
pearlite areas are noted. The two forged steels possess the 
smaller grain size and more uniform distribution of pearlite areas 
as compared with the cast steels. 

Bars for preparation of test specimens were cut from end flanges 
and also from the bodies of the four valve bodies or tees. Every 
bar was subjected to X-ray examination to determine its sound- 
ness. Some slight flaws were located in bars cut from the cast 
steels. In the tests herein reported, such bars were discarded, 
and only those indicated sound by X-ray examination were used. 
No indications of lack of soundness were found in the bars cut 
from the forged steels. 


Trst SPECIMENS AND Trst Mreruops 


Because of the marked effect of small errors, especially in 


Fie. 6 Cast Stren SC as Heat- 
TREATED AND ErcHEeD WITH 
2 Per Cent Nrrat—100X 


Fic. 5 Cast Steen C as Hrat- 
TREATED AND Ercuep WITH 
2 Per Cent Nirat—100X 


Fia.8 Forcep Steet LF as Hat 
TREATED AND ETcHED WITH 
2 Per Cent Nirat—100 X 


Fic. 7 ForGep Sree. Ff as Hpat- 
TREATED AND ETcHED WITH 
2 Per Cent Nirat-100 X 


variation of temperature from that intended, upon test results 
in high-temperature work, it is necessary that the methods used 
be stated in some detail. 

Short-Time Tension Tests. The 0.505-in. diameter test speci- 
men shown in Fig. 9 was used in the room-temperature tension 
tests. The yield point was determined by the drop of the beam. 

For the short-time tension tests at elevated temperatures, the 
same type of test specimen was used in a set-up diagrammatically 
shown in Fig. 10. Two bars of each material were tested at 
each temperature; one cut from a flange and the other from the 
body of the valve or tee. An Amsler hydraulic testing machine 
of 72,000-lb capacity was used. The pulling adapters were 
fitted with spherical seats to assist in obtaining axial loading. 

A temperature survey of the furnace according to the methods 
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TABLE 2 TEMPERATURE SURVEY OF SHORT-TIME TENSION-TEST FURNACE* various creep-test furnaces are not shown, but 
ees 2OR one popseege ee eee Beoerenee eee Bottom in every case the variation of temperature over 
est tem- eyon nside utside nside utside Inside utside nd be- : * 
perature fillet T Ti To Ci Co Bi Bo yondfillet 8 the gage length did ndt exceed 5 F (2.6 C), and 
alts he iB ie? e i. : ihe z 748 E 759 y 746 B 744 B in many instances was considerably less. 
g 398C =. 399 397 396 = ae 
850 K rea 851 F 848 E 849 E 849F 852F  847F 49 F The telescope micrometer used to measure 
454 453 455 453 454 454C 456C 453C 454¢ iayae : Ji 
950 F 9422F  950F 946F 951F 949F 949F 944F 933F «. the elongations was mounted in a slide travel- 
510 C 506 C 510C 508C 5110 509 C 509C 507C 501C ing on a graduated screw and was fitted with a 


a Position of thermocouples is indicated in Fig. 9. 


recommended by the A.S.T.M. (14) is shown in Table 2. The 
thermocouples on the surface of the gage length were attached 
by spot welding. 

During actual tests two thermocouples are used. The thermo- 
couple in the bottom end beyond the fillet B measures the speci- 


filar micrometer eye-piece. Calibration shows its 

smallest division to read to 0.0000505 in., which 

on a specimen with approximately a 2.3-in. gage length gives 
readings to about 0.000022 in. per in., or 0.0022 per cent. 

Readings of deformation were taken on opposite sides of the 


it gel 

men temperature, and the top couple beyond the fillet 7 is con- oe Oe 
nected to a Wilson-Maeulen automatic temperature controller. Zé “se fy we 

Stress-strain curves for determination of the yield strengths : af ae 
were obtained by frames fastened to the adapters and fitted with gio® 
two Ames dials reading to 0.0001 in. The loading was continu- sv 
ous, and readings of the dials were made simultaneously by two 
observers. After the yield point was passed, the dials were 
removed and the speed of the head regulated as nearly as possible 
to 0.25 in. per min up to the ultimate strength. 

The yield strengths were obtained from the stress-strain curves fovasical i forev aie} 


) as the stresses at which the materials exhibited 0.1 and 0.2 per 
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Fie. 9 CALIBRATION AND Test Specimens Usep IN THE SHORT- 
Time Tension Tests anp LonG-TimMpn Crerep TrEsts 
(Note platinum strips used for measuring deformation in the creep test.) 


cent permanent set according to the Standard Methods of Ten- 
sion Testing of Metallic Materials (E8-33) (15). 

Creep Tests. The creep-test apparatus used is similar to that 

used by Kanter and Spring (6). Details of the creep-test 
equipment and a discussion of procedure and precautions taken 
for accuracy in creep work at Battelle Memorial Institute have 
been discussed elsewhere (16). 
_ Throughout the series of creep tests herein reported the re- 
| quirements of the Tentative Method of Test for Long-Time 
(Creep) High-Temperature Tension Tests of Metallic Ma- 
terials (E22-33T) (17) have been met or exceeded. 

The individual temperature-uniformity calibrations of the 


test specimen. The data in this report show the time-deforma- 
tion curves for the front and back of each test specimen. 

After a brief initial period the rates of elongation become 
practically the same for both sides and the time-deformation 
curves parallel. After loading and throughout the test period, 
readings of elongation were made daily by two observers, and 
the time-deformation curves shown represent averages of the 
curves of the two observers. Hither curve alone follows the 
average curve too closely to allow reproduction of the separate 
curves. 

In the creep tests, specimens taken only from the flanges were 
tested. 

Impact Tests. The impact tests were made on an Amsler 
combination Izod and Charpy impact-testing machine. 

At room temperature standard Charpy keyhole-notch impact- 
test specimens 0.394 in. square were used. Round Izod (0.45 
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TABLE 3 PHYSICAL PROPERTIES OF THE MATERIALS DETERMINED AT ROOM TEMPERATURE 


Yield Tensile Elongation Reduction Brinell Rockwell Charpy impact resistance,? Izod impact resistance, © 

point, strength, in 2in., of area, Bend, hardness B ft-lb— ft-lb— —~ 

Material lbpersgin. Ibpersqin. percent per cent deg number hardness® Flange Body Flange -——Body—— 
Cc 44700 78300 25.5 38.8 180 155 79 16, 14, 13 18, 15, 13 26, 26, 22 24, 21, 23 
SC 45300 78200 27.8 43.1 90 149 76 19, 22, 15 13, 16, 18 23, 25, 26 23, 22, 23 
PF 45950 80000 28.2 39.0 a 163 85 22, 19, 22 24, 19, 23 27, 32, 32 37, 34, 35 
LF 37050 67550 32.0 62.2 ae 131 72 26, 23, 36 30, 26, 30 41, 55, 50 52, 44, 48 


@ Load of 100 kg on a !/16-in. ball. 
b Keyhole notch. 
¢ Round (0.45 in. diameter) V-notch. 


in. diameter—V-notch) impact test specimens (18) were also Test Data 


used at room temperatures for purposes of comparison with Short-Time Tension Tests and Impact Tests. The tension- and 
impact-test data obtained at room temperature for the four steels 
are shown in Table 3. The tension-test data on the cast steels 
C and SC were supplied by the manufacturers. 

The values shown are averages for two bars tested. 

Were The three steels with the higher carbon content C, SC, and FP 
show tensile properties and ductility values quite similar to each 
other. Steel LF (lower carbon forging) shows a somewhat lower 
tensile strength and yield point and slightly higher values for 
elongation and reduction of area. 

The tension-test data at 750, 850, and 950 F for the four steels 
are shown in Table 4, and the tension-test data for both room 
temperature and elevated temperatures are summarized in Fig. 
she 

The data for tensile and yield strengths for 0.1 and 0.2 per cent 
permanent set place the four steels in the same relative position. 
The forged steel F shows the best properties at the elevated 
temperatures, with the cast steel C next best, and with little 
difference between the cast steel SC and the low-carbon forged 
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ULTIMATE STRENGTH 1000 LBS/SQ.IN 


FOOT POUNDS 
ELONGATION 


7 750 650 950 1s 750 Bs 950 7% 
TEMPERATURE OF hese. DEG. F steel LF. 
Fig. 11 Resuurs or THE Impact AND Suort-Time Tension Tests The data for elongation and reduction of area show the best 
av Room TEMPERATURE, 750, 850, AND 950 F ror Cast AND FoRGED 
CaRrBoNn STEELS TABLE 5 CHARPY IMPACT RESISTANCE OF THE MATERIALS 
C = cast steel 0.35 per cent C; SC = spheroidized cast steel 0.34 per cent AT ROOM TEMPERATURE, 750, 850, AND 950 F 
C; F = forged steel 0.37 per cent C; LF = low-carbon forged steel 0.27 Revietancerat Fea; staves at Rectutaneeue Ranstancatet 
per cent C.) Steel 75 F, ft-lb 750 F, ft-lb 850 F, ft-lb 950 F, ft-lb 
Cc 16, 14, 13 D213 12, 13, 12 12410) 21 
similar tests on specimens cut from the gage length of the creep- SC 19, 22, 15 16, 20, 16 15, 11, 15 18, 16, 15 
: : F 22, 19, 22 16, 25, 17 19002000 16, 16, 13 
test specimens after removal from the creep-test equipment. LF 26, 23) 36 29’ 21) 21 17, 18, 19 16, 16, 17 


TABLE 4 SHORT-TIME TENSION TEST Date oe THE FOUR STEELS AT 750, properties for the two forged steels. About 
equal values are shown at 950 F by the spher- 


Test Yield Yield Tensile Elongation Reduction : ie 
tempera- __ strength, strength, strength, in 2 in., of area, oidized cast steel SC. The lowest ductility values 

Steel ture, F lb per sqin.*lb per sqin.® lb persqin. per cent per cent h re ih 1c 
© (beds) 730 32000 2000 64200 is0 ee ae ea eee ee ake San ee 

(body) 75) 229 25) . : mpact-test specimens were taken from bot 
Average 23000 25200 65400 20.0 24.2 pact-test speci j ; 
SC iianee) 750 21300 23100 63200 a0 Bt : it the flanges and the bodies of the valve bodies 
SC (body) 750 21 23 ’ : aN 
Average i 21500 28300 62900 33 i 47 : or tees st alee a room temperature. For 
F (flange 75 4 2 30. : tests at elevat emperatures, specimens 
F (body) 750 24000 27200 69900 39.5 72.7 at the elevated temp ee 
Average 24000 27200 abs 85.0 59.8 were taken only from the flanges. 
LF (flange) 750 20300 25 5 iy j 7 i 
LF (body) 750 19800 22300 62300 Be ae Data for Charpy Lhe one ae at aie 
Average 5 4 6 38. tempe n iven in Table 
C (flange) 850 22900 25900 55600 12.5 16.3 perature, 750, 850, as 950 Fg 
C (body) 850 21100 23100 baat 12 6 Ast 5 show the best resistance for the two forged 
Average 22 245 7 Pi a2 nV b apie 4 
Se (flange) 850 19700 21200 50900 31 0 57-0 oe The spheroidized cast steel SC ee 
SC (body) 850 5 221 34. 53. slightl er j ct resistance except at 
‘Average 20100 21650 52900 32.5 55.4 ghtly lower impact resista pees 
F (flange) 850 23900 26800 59800 45.0 be where the value is about equal to that for the 
Average ig 23300 28000 80100 . 5 76.2 forged steels. The lowest impact resistance is 

(flange) 850 20900 23000 3951 31. ; sh oasieteel CO: 
LF (body) 850 20700 22700 53000 38.0 67.9 shown by the cast st / ; ; 
pee ; . 20800 22850 verb 6 Se is The reduction of impact resistance at the higher 
(' (flange 950 20 227 ‘ : 
¢ (body) 950 19800 21700 43900 26. ; 38. 8 temperatures was not large. The values “ oon 
Average 203 222 395) ; : ure rial n rom 
SC (flange) 950 18800 20400 41300 50.0 65.6 temperature for the four materials ranged iro 
SC (body) 950 19000 20400 42000 45.0 (Pees 14 to 24 ft-lb and at 950 F from 11 to 16 ft-lb. 
Average 18900 20400 41650 47.5 68.9 
F (flange) 950 21600 24100 48600 42.0 75.5 
F (body) 950 21800 24100 48700 50.0 79.3 RESULTS OF THE CREEP TESTS 
irri) ooo SHS =e | 
ange) 95) 189 1 35. . 4 ime- ati 

LP (body) rt 13800 on is reper ine 73.3 The time deformation curves for the creep — 
Average 18850 20700 42850 40.5 65.4 tests at 750, 850, and 950 F are shown in Figs. 


12, 13, and 14. The details of all the creep tests ; 
are shown in Table 6. 


© Stress to produce permanent set of 0.1 per cent. 
’ Stress to produce permanent set of 0.2 per cent. 
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750 DEGF 
19000 LBS./SQIN. 


Fie. 12 Time - DerormaTIon 
CURVES aT 750 F anp 19,000 
‘Le PER Sq IN. For Cast AND 
Foreep Carson STEELS 


PER CENT 


(C = cast steel 0.35 per cent C; SC 

= spheroidized cast steel 0.34 per 

cent C; F = forged steel 0.37 per 

cent C; LF = low-carbon forged 
stee] 0.27 per cent C.) 


DEFORMATION 


850 DEG.F. 
12000 LBS/SQIN. 


‘Fie. 13 Time - DeFroRMATION 

Curves at 850 F anp 12,000 

‘Ls per Sq In. For Cast AnD 
Foreep Carson STEELS 


PER CENT 


‘C = cast steel 0.35 per cent C; SC 
= spheroidized cast steel 0.34 per 
vent C; F = forged seeel 0.37 per 
vent C; LF = low-carbon forged 
steel 0.27 per cent C.) 
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950 DEGF. 
\ 5000 LBS/SQIN. 


sc 


‘Ie. 14 Time - DEFORMATION 
Surves aT 950 F anv 5000 
uB PER SQ IN. FoR CAST AND 
Forcrep CARBON STEELS 


b,ooor [PER CENT/HOPR 


PER: ‘CENT 


C = cast steel 0.35 per cent C; SC 0 ee 

= spheroidized cast steel 0.34 per 

sent C; F = forged steel 0.37 per 
sent C; LF = low-carbon forged 
steel 0.27 per cent C.) 
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TABLE 6 CREEP-TEST DATA FOR CAST AND FORGED CARBON STEELS FROM LARGE VALVES 
-————-At 1000 hours — At 1300 hours Total Izod _ Izod 
Temp. Initial elongation, Rate of Total deformation, Rate of Total deformation, deformation impact impact 
of Load, Duration per cent deformation, per cent deformation per cent in 10000 resistance resistance 

Specimen test, lb per OL test. |S ae per cent — —— percent  —=—.5 hours, before after 
number sq in. hr Front Back per hour Front Back per hour Front Back per cent creep test creep test 
c-F4 750 19000 1293 0.087 0.139 0.000130 0.414 0.466 0.000130 0.422 0.475 1.616 26, 26, 22 23, 25 
SC-F8 750 19000 810 0.120. 0.141 0.0004332 0.746% OWZ5° =a oe ae ee 4.6256 23, 25, 26 21 
F-F3 750 19000 1436 0.123 0.108 0.000120 0.384 0.388 000100 0.410 0.420 1.466% 97,32, 32 81,932 
LF-F3 750 19000 1000 0.141 0.193 0.000050 0.330 Ok400 seen fie eat 0.8155 41, 55, 50 32, 45 
C-F3A 850 12000 1315 0.065 0.046 0.000165 0.410 0.345 0.000130 0.450 0.385 1.548° 26, 26, 22 20, 25 
F-¥7 850 12000 1315 0.060 0.060 0.000200 0.455 0.430 0.000200 0.510 0.492 2.241° 27. 32° S27 ae 28 onus 
LF-F2 850 12000 1315 0.063 0.052 0.000020 0.125 0.165 0.000020 0.137 0.172 0.328¢ 41, 55, 50 36, 39 
C-F3B 950 5000 1316 0.041 0.024 0.000085 0.225 0.191 0.000075 0.246 0.212 0.8815° 26, 26, 22 23, 24 
SC-F5 950 5000 1316 0.017 0.041 0.000150 0.235 0.285 0.000110 0.265 0.320 1.2490°¢ 23, 25, 26 23, 20 
F-F2 950 5000 1485 0.047. 0.017 0.000140 0.258 0.202 0.000160 0.305 0.250 1.6700° 27. 132.325 A20F eo 
LF-F1 950 5000 1286 0.044 0.011 0.000070 0.125 0.105 0.000070 0.15 0.150 0.7490¢ 41, 55,50 47, 50 


2 At 810 hours (discontinued). 
6 Computed from data at 1000 hours. 
c Computed from data at 1300 hours. 


To facilitate comparisons between the different steels, tests 
at each of the test temperatures were conducted at one load only, 
chosen to produce a rate of about 0.0001 per cent per hour at 
1000 to 1500 hours. ; 

At 750 F the load was 19,000 Ib persqin.; at 850 F, 12,000 lb 
per sq in.; and at 950 F, 5000 lb per sq in. Steel SC was not 
tested at 850 F. Most of the tests were run 1300 to 1500 hours 
except for steel SC at 750 F, which showed a fast rate of deforma- 
tion and was discontinued after 810 hours and steel LF at 
750 F, which at the time had run only 880 hours. Therefore, 
at 750 F the four steels have been compared at both 1000 and 
1300 hours. 

In Table 6 are shown the rates of deformation for the various 
steels at 750 F and also their total deformation in 10,000 hours 
computed by extrapolation of the time-deformation curves to 
10,000 hours at the final rate of deformation shown. 

‘At 750 F the best creep resistance is shown by steel LF (low- 
carbon forging), although this steel shows a greater initial def- 
ormation upon application of the load. It will be recalled that 
steel LF showed the lowest yield strength at 750 F as shown in 
Fig. 11. Steel F (forging) shows the next best creep resistance 
with cast steel C close behind. The poorest creep resistance is 
shown by the spheroidized cast steel SC. In the tests at 850 F, 
curves for which are shown in Fig. 13 note how quickly the forged 
steel LF strain-hardens with the consequent rapid decrease in 
rate of deformation. At 850 F the best creep resistance is again 
shown by steel LF, with the cast steel C next, and with the forged 
steel F last. Their initial deformations upon loading are very 
similar. Note in Table 6 the rates of deformation and estimated 
total deformations in 10,000 hours for the different steels. 

At 950 F the low-carbon forging LF shows the best creep 
resistance with the cast steel C almost equal to it. Cast steel 
SC shows the next best creep properties, and forged steel F the 
poorest creep properties. As at 850 F there is very little dif- 
ference between their initial deformations. 


TABLE 7 STEELS LISTED IN THE ORDER OF THEIR CREEP 


RESISTANCE 
50 850 F, 950 F, 
Creep 19000 lb 12000 lb 5000 Ib 
resistance per sq in per sq in. per sg in 
1 Greatest LF LF LF 
2 Fo G C 
3 ce F SC 
4 Least SCd F 


@ Low-carbon forged steel. 
b Forged steel. 

© Cast steel. 

d Spheroidized cast steel. 


To summarize the results of the creep. tests, the steels are 
listed in Table 7 in their order of creep resistance at the various 
test temperatures. 

It will be seen that the low-carbon forging LF heads the list 
at all of the test temperatures. The high-carbon forging F, 
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which was above the cast steels at 750 F, ranks below the 
steel C at 850 F and below both cast steels at 950 F. 


PuysicaL Properties AFTER CREEP TEST 
Impact. After creep test two round Izod impact-test speci- 


mens were machined from the reduced section of each creep-test — 


specimen. After taking a disk 0.3 in. thick from the center of 
the reduced section to provide material for metallographic ex- 
amination, the impact specimens were taken so that the notches 
were located in the gage length at a distance of about 1/4 in. — 
from the end of the reduced section. 
anvil of the impact machine had to be shorter than standard, 


cast © 


The end gripped in the — 


but tests have given comparative results on specimens of short — 


and standard lengths. 

In Table 6 are shown the results of the Izod impact tests on 
the four steels as heat-treated and before test and also on the 
specimens cut from the reduced section of the creep-test speci- 
mens. ‘The data indicate little or no change in impact resistance - 
to have resulted from the long-time exposure to the various | 
temperatures at the various loads used. 

Figs. 15, 16, 17, and 18 show the structures of the four steels ) 
after removal from the creep tests conducted at the highest test 
temperature of 950 F. As compared with the structures shown | 
in Figs. 5, 6, 7, and 8 for the steels as heat-treated there are no | 
noticeable differences. | 

| 
. 


GENERAL DISCUSSION OF THE TEST DaTA 


Considering the ever-present hope of a short-time creep test 
or a correlation of short-time tests of some sort with expensive. 
long-time creep tests, it is of interest to compare the results of 
the short-time tension tests and the creep tests at 750, 850, and 
950 F. | 

Short-time tension-test data on the four steels do not show the 
relative rating found in the creep tests. High-carbon forged 
steel F, which showed the highest tensile strength and yield 
strengths along with high ductility values, showed the lowest 
ereep resistance at both 850 and 950 F. Low-carbon forged 
steel LF showed properties between those of the two cast steels, 
yet it showed the highest creep resistance at all test temperatures. 

Considering the chemical compositions of the steels and their 
structures as shown in Figs. 5, 6, 7, and 8, these results require 
further comment. 

The low creep resistance of the cast steel SC at 750 and 850 F 
was not unexpected, since it has been stated by Tapsell (3) p- 
192, that a spheroidized structure does not possess the strength 
and creep resistance of a structure containing pearlite. The 
creep resistance of this steel SC as compared with forged steel F 
at 950 F is interesting and unexplained by any of the experimental! 
work. 

It is recognized gen¢rally that, all other variables being equal 
increase of carbon content increases tensile properties and creey 
resistance of carbon steels. However, Clark (11) has previously 


Fie. 15 Cast Srret C. Spectr- 

‘EN C-F3B Arrer CREEP TEsT 

yar 950 F av A Loap or 5000 Ls 

PER SQ In. FoR 1316 Hours. 

SPECIMEN ErcHED WITH 2 PER 
Cent Nirat—100 X 
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Fic. 16 Cast Steet SC. Sperci- 

MEN SC-F5 Arrer Creep TEST 

AT 950 F av A Loap or 5000 LB 

Per Sq In. For 1316 Hours. 

SpeciMeN Etcuep WIrTH 2 Per 
Cent Nrrat-100 X 


Fic. 17 Forcep Steg. F. Spxcti- 

MEN F-F2 Arrer Creep Test 

AT 950 F av Loap or 5000 Ls 

PER SQ IN. For 1485 Hovrs. 

Specimens Ercuep Wir 2 Per 
Crnt Nrrat—100 X 
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Fig. 18 Forcep Srent LF. 

SpecIMEN LF-F1 Arrer CREEP 

Test at 950 F ar a Loap or 

5000 LB PER Sq In. FoR 1286 

Hovurs. Specimen ErcuHep WITH 
2 Per Cent Nitat—100X 


»ointed out that the melting practice used may have an important 
fiect on the properties of carbon steels in creep tests. He 
showed better creep resistance for a 0.13 per cent carbon steel 
nade by alloy-steel practice than for a 0.18 per cent carbon steel 
nade by usual commercial practice. 

The manufacturer of the two forged-steel tees obtained the 
‘orging billets from the same steel producer. Data as to the 
aelting practice for the two forged steels have been given pre- 
‘iously. 

In an effort to show any possible differences between the four 
veels, the McQuaid-Ehn carburizing test was used to develop 
fhe normality and inherent grain size of the materials. A dif- 


Fie. 20 Srructure or Cast Stern SC as CarBurizep; Ercuep 

Wirn 5 Per Cent Picric Acip In ALCOHOL 
(Left: Case of specimen-100. Right: Case of specimen—500.) 
ference between the steels not indicated by their structures as 
heat-treated was immediately evident. Figs. 19, 20, 21, and 
22 at a magnification of 100 show the core and case of the four 
steels after carburizing 10 hours at 1725 F and cooled in the pot 
in the furnace. 

Fig. 19 shows the case and core of the cast steel C. The struc- 
ture was fine-grained and normal. As in Fig. 5, the core showed 
a banded structure and a nonuniform grain size with many small 
grains intermingled with larger grains. 

Fig. 20 shows the case of cast steel SC at magnifications of 
both 100 and 500. The core was similar to cast steel C and 
is not shown. The steel was slightly abnormal. 


1@. 19 Structure or Cast Street C as Carsurizep—100™: 
Ercuep Wir 5 Per Cent Picric Acip In ALCOHOL 


(Left: Case of specimen. Right: Core of specimen.) 
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Figs. 21 and 22 show the case and core of the two forged steels. 
Both are normal, but the low-carbon forged steel LF shows a 
very coarse grain, while steel F shows a fine grain very similar to 
cast steels C and SC. 

These data indicate a very definite difference between the 
materials. Steel LF with the coarse grain as indicated by the 
McQuaid-Ehn test shows the best creep properties. It should 
be noted that the structures of the steels as heat-treated do not 
indicate this difference and provide no clear-cut evidence of the 
superiority in creep resistance of the low-carbon forged steel LF 
which showed a coarse grain after the carburizing tests. It is 
not suggested here that a coarse-grained and normal steel as 
determined by the carburizing test will show superior creep 
resistance. Rather, the McQuaid-Ehn test has been used as an 
indication that there are definite differences in the steels, possibly 
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(Left: Case of specimen. Right: Core of specimen.) 


due to melting practice and deoxidation, but not indicated by 
their structures of any of the physical properties determined at 
room temperature. 

It may be that the superiority of forged steel LF as compared 
with forged steel F is not due to the apparent slightly greater 
grain size shown in Figs. 7 and 8 as heat-treated. These data 
suggest the interesting possibility that if two forged steels of 
similar composition and properties in short-time tests had the 
same original grain size, but the carburizing test indicated a 
difference in their normality, a difference in creep resistance 
might be shown. 

Another interesting comparison is the fact that east steel C 
and forged steel LF in the heat-treated condition show approxi- 
mately the same grain size, but the forged steel LF showed more 
eyen distribution of the pearlite patches. The better creep 
resistance of the more uniform forged steel LF agrees with the 
findings of Wyman (19), who states: “To have a material of 
high creep strength, it is essential to have a steel which is struc- 
turally uniform and free from banding or dendritic segregation.” 

It may be seen from the test data herein presented that no 
broad generalization can be made as to superiority for service 
at elevated temperatures for either forged or cast carbon steels 
in the form of valve bodies or tees. While it is true that the low- 
carbon forged steel LF showed the best creep properties over the 
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whole temperature range 750 to 950 F, the slightly better 
creep resistance of the cast steels as compared with the high- 
carbon forged steel F at 950 F and of cast steel C as compared 
with forged steel F at 850 F make incorrect any generalization 
in favor of either cast or forged carbon steels as a class for service 
at 750 to 950 F. 

The differences in creep properties between the four steels are 
really not large as shown in Table 6 except in the case of the large 
creep rate for the spheroidized cast steel SC at 750 F. Since 
their creep properties do not differ widely and are not consistently 
in favor of one type of material, no doubt other factors such as 
soundness, resistance to shock, tensile strength, yield strength, 
and ductility both at room and at elevated temperatures will 
enter into the choice of materials for each specific use. 

The conclusions of Tapsell (3) that generalizations as to a 
better relative position of either cast or wrought steel, and those 
of White, Clark, and Wilson (9) that generalizations as to virtue 
of coarse grain size, are unwarranted in the temperature range 
of commercial use, cited in the early part of this paper, seem to 
be borne out by these experiments. 


Fig. 22 Srrucrure oF Forcep Srept LF as CARBURIZED; ETrcHED 
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(Left: Case of specimen. Right: Core of specimen.) 


Only when we cease to make generalizations that do not hold 
consistently and search further into the factors that make one 
casting or one forging superior to another in high-temperature 
properties will we be on the road to lasting progress. 


SUMMARY 


1 Tensile properties at room temperature for the three steels 
with approximately 0.35 per cent carbon were quite similar. 
Lower strength values and higher ductility values were shown by 
the forged steel with 0.27 per cent carbon. The forged steels 
showed slightly higher values than the cast steels. 

2 The forged steel F (0.37 per cent carbon) showed the best 
short-time tensile strength and ductility in tests at 750, 850, 
and 950 F. he other three steels showed comparable strengths, 
and the ductility of cast steel C (0.35 per cent carbon) was 
considerably lower than for the spheroidized cast steel SC (0.34 
per cent carbon) or forged steel LF (0.27 per cent carbon). 

3 The two forged steels show the best Charpy impact re- 
sistance at room temperatures, 750, 850, and 950 F. Slightly 
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lower impact resistance is shown by the spheroidized cast steel 

SC except at 950 F. The lowest impact resistance is shown by 

cast steel C. The reduction of impact resistance at the higher 
_ temperature was not large. 

) 4 Forged steel LF (0.27 per cent carbon) showed the best 
creep resistance at temperatures of 750, 850, and 950 F. Forged 
steel F (0.37 per cent carbon) which was next best at 750 F was 
poorer in creep resistance to the two cast steels C (0.35 per 

cent carbon) and SC (0.34 per cent carbon) at 850 and 950 F. 

A The spheroidized cast steel SC (0.34 per cent carbon) showed 
the poorest creep resistance at 750 F. 

5 McQuaid-Ehn carburizing tests indicate definite differences 

between the four steels. 

6 There appears to be no correlation between the results of 
the short-time tension and long-time creep tests at 750, 850, 
and 950 F. 

7 Impact tests and metallographic examination of the steels 
after creep test indicate little or no change had taken place due 
to the long-time exposures at the creep-test temperatures. 

8 No broad generalization as to superiority of cast versus 
‘wrought, or coarse-grained versus fine-grained steels as regards 
creep resistance is warranted by the test results. Other proper- 
ties such as soundness, strength, impact resistance, and ductility 
jwill undoubtedly enter into the choice of carbon steels for specific 
uses at the temperatures investigated. 
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T IS recognized that austenitic steel of the 18 per cent Cr, 
8 per cent Ni type is subject normally to a certain degree of 
alteration, that is, some diminution of its original toughness 

(evaluated by room-temperature impact tests) when heated for 

considerable periods in the range 1200-1400 F. Such heating is 

also known to sensitize the material and put it in a condition 
where intergranular corrosion may occur and seriously embrittle 

‘the material. It is not entirely certain whether the impact 

effect and the sensitivity to corrosion are manifestations of the 

same underlying phenomenon, usually considered to be a pre- 
cipitation of carbide at grain boundaries. 

The same remedies, holding the carbon low, or the introduc- 
tion of titanium, columbium, or some other carbide-forming ele- 
ment to stabilize the carbide, are often resorted to for combating 
‘either type of alteration. 

In its study of the high-temperature properties of 18 Cr 8 Ni 
steel as an important and typical member of the family of 
Austenitic steels, the Joint A.S.T.M.-A.S.M.E. Committee on 
‘Effect of Temperature on the Properties of Metals found that 
‘two heats of 18 Cr 8 Ni steel, water quenched from 2000 F, 
‘appeared exceptional in their resistance to high-temperature 
deterioration. 

This abnormal behavior was noted in the A.S.M.E. progress 
report? in December, 1933, in which, among various other high- 
‘temperature properties, a very high notched-bar impact resist- 
ance of rolled specimens was found to be maintained after the 
specimens had been subjected to creep tests at temperatures of 
1200 F to 1400 F for a period of 600 to 1600 hours. Even with 
a carbon content of 0.125 per cent, several specimens showed 
ao loss of impact resistance, while the lower-carbon heat (0.06 
oer cent C) fully retained its great toughness. 

Both these heats, made for the Committee by the Babcock & 

Wilcox Company were induction-furnace melts of straight 18 Cr 

8 Ni steel without the addition of any stabilizing element such 

as titanium or columbium. In the report? on that work, it 

»was noted that E. C. Smith had reported 18 Cr 8 Ni steel melted 
n an induction furnace may show a much slower reduction in 

soughness than material melted in an are furnace. Other cases in 

she literature were cited where plain 18 Cr 8 Ni steel, or that 

‘yith certain additions, had shown vast differences in the ten- 

dency toward change in steels of apparently identical chemical 
2omposition. 

The experimental results raised the question whether the 
igh impact resistance of specimens tested after creep indicated 
shat the application of stress at high temperatures (or the tiny 
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Cooperative Study of a Stable 18 Cr 8 Ni 
Steel Without Stabilizing Additions 


deformation resulting from that stress) inhibited change, and a 
further study was made of that factor. This work was reported 
to the A.S.T.M. in June, 1935,* and included not only the non- 
sensitive low carbon 18 Cr 8 Ni steel (committee designation 
K19) previously referred to, but also another heat of low-carbon 
18 Cr 8 Ni steel (committee designation K9). The K19 steel 
was heated at 1400 F without stress up to nearly 4000 hours. 
Its impact resistance fell to about 45 ft-lb Charpy, in the first 
100 hours and thereafter did not change. 

The K9 steel, water quenched from 2100 F, which previously+ 
had been studied after heating unstressed for 1000 hours and 
which had fallen to about 40 ft-lb Charpy at 1400 F, was stressed 
for 100 hours at 1400 F at a load of 1600 lb per sq in. before 
making impact tests, but showed the same behavior as K19 
steel in that it still held its toughness after stressing. These 
observations led to the suggestion that alteration, measured by 
impact resistance, may go on at a slower rate in a stressed than 
in an unstressed specimen. 

It has previously been remarked? by some members of the 
Committee that thin specimens might be expected to be more 
susceptible to alteration than more massive ones, and hence, 
that before the K19 heats could be classed as alteration-resistant, 
they should be studied in thin sheet or strip form. The impact 
studies also indicated that such a study should deal with both 
stressed and unstressed specimens. This work has now been 
completed and is reported herein. 

The K19 material of both high-carbon and low-carbon contents 
was rolled by the Carpenter Steel Company from 1-in. round 
bars into strips 1 in. wide and 0.020 in. and 0.040 in. thick. 
The strips were cut into lengths of 7 in. and were assembled in 
packs of 20 in a crate or frame of heavy 18:8 stock welded 
together so as to hold the pack tightly and to minimize warping, 
this preparation being done by the Westinghouse Electric and 
Manufacturing Company. The packs were then water quenched 
from 2000 F at the Battelle Memorial Institute. The specimens, 
were then returned to Westinghouse Electric and Manufacturing 
Company and standard sheet specimens baving a test section 
0.500 in. wide and 3 in. long were machined from them. 

The specimens to be stressed were assembled in sets of four 
on heat-resistant pins passing through holes in the grips and 
each set was dead-weight loaded to give a unit stress on the test 
section of each specimen of 10,400 lb per sq in. in an electric 
furnace operating at 1200 F for various periods. Unstressed 
specimens were also heated at 1200 F and 1400 F. This work 
was under the supervision of N. L. Mochel. 

The specimens were broken and examined by the Bethlehem 
Steel Company. Of course, no alteration of a type that would be 
revealed only by impact could be determined on such thin stock, 
but it was expected that any loss in toughness would be detect- 
able by loss in elongation when tested at room temperature after 


3 “Effect of Long Time Heating With and Without Stress on 
Impact Resistance of 18 Per Cent Cr 8 Per Cent Ni Steel (K9 and 
K19 Steel),”’ by H. C. Cross and F. B. Dahle, Appendix 1 to Report 
of Joint A.S.T.M.-A.S.M.E. Committee on Effect of Temperature 
on the Properties of Metals, Proceedings, A.S.T.M., vol. 35, part 1, 
1935, pp. 126-132. 

4 “Cooperative Study of Charpy Notched-Bar Impact Tests, Mag- 
netic Permeability Tests, and Structural Stability in the Absence 
of Stress, of 18 Cr 8 Ni Stainless Steels,’’ Proceedings, A.S.T.M., vol. 
32, part 1, 1932, pp. 156-192. 
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TABLE 1 
Heating temp, 
F Hours heated 

( As quenched Not heated 
Low-carbon (0.067 per cent) 1200 100 
series, 0.020 in. thick 1200 100 
1400 100 

( As quenched Not heated 
Low-carbon series, 0.040 in. J 1200 100 
thick \ 1200 100 
1400 100 

‘ As quenched Not heated 
High-carbon (0.125 per cent) J 1200 100 
series, 0.020 in. thick \ 1200 100 
1400 100 

As quenched Not heated 
1200 100 
1200 100 
1200 384 
1200 384 
1200 384 
1200 384 
High-carbon series, 0.040 in. 4 1200 384 
thick | 1200 384 
1200 384 
1200 384 
1200 1008 
1200 1008 
1200 1008 
1200 1008 
1400 100 


@ Broke in grips. 
b Broke at deep center-punched gage mark. 


the sojourn at high temperature, and by a dead rather than by 
a ringing sound when the specimens were dropped on a cement 
floor. The results reported by P. E. McKinney of the Bethlehem 
Steel Company are given in Table 1. 

Mr. McKinney states that no appreciable loss of ductility nor 
impairment of physical properties was found regardless of the 
time or temperature of heating, or whether the specimen was 
stressed or not, and that he is at a loss to explain the behavior 
of the K19 material, especially of the high-carbon (0.125 per cent) 
heat as most of such material, heated within these sensitizing 
ranges, would be impaired. The specimens had a live ring 
when dropped on a cement floor. 

Therefore, it would appear that the K19 heats are extremely 
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PHYSICAL PROPERTIES OF THE K19 STEELS 


Load, Tensile strength, © ——Elongation in per cent in—-~ 
lb per sq in. lb per sq in. lin. 2 in. 3 in. 
No load 94380 58 52 50.0 
No load 97000 59 50 47.0 
10400 95380 46 39 35.0 
No load 92380 54 46 43.5 
No load 93000 64 55 50.5 
No load 96890 41 37.5 36.5 
10400 94000 59 52 47.5 
No load 93680 52 51 45.5 
No load 90160 332 332 33.02 
No load 97000 276 26.56 26.06 
10400 97390 51 49 45.5 
No load 90900 48 44 40.5 
No load 95500 66 55 51.5 
No load 95380 60 52 48.5 
10400 95380 54 48.5 44.5 
10400 102850 54 48 42.5 
10400 101500 55 44 37.5 
10400 100500 53 39 34.5 
10400 102300 55 43 37.5 
10400 102850 54 43 37.5 
10400 104250 56 50 45.5 
10400 103780 54 47.5 42.5 
10400 102900 51 40 34.5 
10400 101450 53 45.5 40.0 
10400 102400 52 43 38.0 
10400 102400 36 33 30.0 
10400 98600 43 43 38.5 
No load 97560 47 44.5 40.5 


resistant to deterioration when subjected to temperatures of 
1200 F or 1400 F for extended periods of time. Whether this 
remains true for shorter heating cycles is not yet known and it 
is believed that this point should be carefully verified before 
concluding that the K19 heats are outstanding in their behavior. 

Future work should include a study of both impact and 
ductility, as well as corrodability after exposure to temperatures 
in the sensitizing range for various periods of time. The Com- 
mittee hopes to be able to undertake this work and report on it 
hereafter. Such work should throw light on the question whether 
alteration without corrosion and sensitivity to corrosion are 
manifestations of the same phenomenon or of two separate phe- 
nomena. 


Discussion 


Radiation Intensities and Heat 
Transfer by Radiation in 
Boiler Furnaces’ 


ADDENDA? 


In the paper some assumptions were made to obtain Equa- 
tions [5] and [6] (the tentative heat-transfer equations) from 
the radiation-intensity equation. The resultant equation for 
heat transfer leads to erroneous conclusions. 

, Additional experiments have made possible the modification 

of the tentative equations. In these experiments, the heat 
absorbed by radiation by a steel surface at various radiation in- 
' tensities has been observed. A number of tests were made 
with the steel surface partially covered with slag and ash. 

The calorimeter employed in these tests is shown in this ad- 
) denda as Fig. 14. It consists of a hollow steel block S through 
‘which water circulates. The outer surface of this steel block has 
a thick layer of black oxide which was formed when the steel 
was maintained at a dull red heat for about 1 hour. This block 
is surrounded on all sides, except for the front surface, by a water- 
cooled jacket J which is insulated from the steel block with 85 
per cent magnesia. 

Heat transfer by convection to the front surface of the steel 


1 Published as paper FSP-57-4, by Huber O. Croft and C. F. 
Schmarje, in the April, 1935, issue of the A.S.M.E. Transactions. 
¥ Presented by the authors as,addenda to the paper.? 
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block was minimized by a shield of cold air produced by a series 
of air jets. These jets provided an outward flow of cold air 
which prevented the hot furnace gases from making contact 
with the surface tested. Since air is transparent to radiation, 
and the air shield was arranged to keep the absorbing surface 
free of hot gases, the heat absorbed by the steel surface was prac- 
tically all transmitted by radiation. 

Tests in the Boiler Furnace. The heat-transfer tests were made 
at observation door No. 2, the location of which is shown in Fig. 
6 of the paper. The probe was placed in the opening in the 
furnace wall so that its front surface was approximately in line 
with the inner surface of the furnace wall. Alternate readings, 
each about 3 minutes in duration, were taken through this door 
with the probe and with the quartz-window radiation calorimeter. 

A number of sets of observations were made with the clean 
oxidized steel surface. The data for these tests are given in 
Table 5 in this addenda. In this tabulation X, is the measured 
heat-transfer rate by radiation to the steel surface of the probe, 
and J is the radiation intensity as determined with the quartz- 
window calorimeter. The average value of the ratio X,/I 
for the six tests is 0.89. In other words, the radiation absorption 
coefficient for the clean oxidized steel surface is 0.89. 

A series of tests was also made with the steel surface partially 
covered with slag and ash. The ash formations were fastened 
to the steel surface by a layer of refractory cement about 1/15 
in. thick. In test No. D-1 a dense black slag about 0.5 in. 
thick covered nine-tenths of the surface. In the remaining 
tests, the ash coverings consisted of a porous material which had 
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TABLE 5 TESTS WITH A CLEAN OXIDIZED STEEL SURFACE 
Test Xr I Xr/T Test Xr th Xr/I 
(Gul 34.35 36.1 C-5 47.5 45.3 
33.9 39.7 40.6 47.7 
32.7 = 39.8 42.7 
Son ATM OSS 38.4 6.7 
abe Biae, 42.6 42.6 
C-2 60.6 66.1 39.4 53.6 
58.6 61.8 41.4 46.4 0.893 
53.3 ae 
aamiOnsoo Oly | = OATS 33.4 
57.5 63.9 pate 48 
- 43.3 4.4 
ee Hees ate 43.4 46.6 
49.9 47.0 36.1 36.9 
41.4 55.1 28.4 34.0 
39.4 56.6 34.06 38.35 0.888 
aos 49.5 0.887 
45.6 51.4 
C-4 57.5 67.4 
42.0 58.1 
38.1 42.6 
36.1 38.8 
z, 37.2 
43.4 48.8 0.889 


X;, = heat-absorption rate determined with the thermal probe, 1000 
Btu per sq ft per hr. 

T = radiation intensity determined with quartz-window calorimeter, 1000 
Btu per sq ft per hr. 


TABLE 6 TESTS WITH PARTIALLY DIRTY STEEL SURFACES 


Test D Xr iT Xr/I Test D Xr I Xr/I 
D-1 0.9 15.65 45.6 D-4 0.30 36.9 PROG 

16.0 46.1 42.4 63.6 

16.1 48.9 37.9 cuss 

15.3 46.8 41.7 64.0 

14.3 sone) 41.2 Dba. 

15.47 46.85 0.330 40.0 63.8 0.626 
D-2 0.9 18.5 38.6 D-5 0.475 29.9 55.8 

18.3 meu PA firs 56.3 

14.1 52.4 PU lores 62.0 

15.0 ears 29.6 56.5 

14.0 46.5 28.9 66.4 

14.7 Scie 31.8 57.6 

15.77 46.17 0.341 29.18 59.0 0.494 
D-3 0.76 14.2 rg D-6 0.423 39.3 63.5 

15.0 51.5 40.4 59.0 

13.9 oa 

16.2 505 39.85 61.25 0.651 

19.1 ae 

16.3 48.6 

14.4 nae 

14.6 53.2 

15.46 50.95 0.304 
D = fraction of the surface covered with slag or ash 
X;, = heat-absorption rate determined with the thermal probe, 1000 Btu 

per sq ft per hr 

I =radiation intensity determined with the quartz-window calorimeter, 


1000 Btu per sq ft per hr 


been formed of particles of fly ash stuck together on cooled sur- 
faces in the furnace. The thicknesses of the ash coverings 
were °/g in. in test D-2, 13/4 in. in test D-8, 1%/, in. in test D-4, 
1#/, in. in test D-5, and */,, in. in test D-6. The data for these 
tests are given in Table 6. 

The ratio X,/I is plotted against the dirtiness D in Fig. 15. 
These data may be represented by the straight-line equation 


XT 089.1 — O.8D) ae [7] 


This ratio X,// actually varies with the thickness of the slag 
or ash layer, but since this variation is apparently not very 
great, an average such as taken in Fig. 15 will serve for the pur- 
poses of this investigation. 

During the tests represented by Equation [7], the cooling- 
water temperature was about 70 F, while in the actual heating 
surfaces in the furnace the temperature was about 400 F. Mak- 
ing a correction for this difference in temperature on the basis of 
the Stefan-Boltzmann law, it is found that Equation [7] should 
be decreased by about 2 per cent, so that 


X,r/I = 0.98 X 0.89 (1 — 0.8D) = 0.872 (1 — 0.8D) .. [8] 


Substituting in Equation [8] the value of J as given by the 
tentative Equation [3] there results 


(1 — 0.8D) (0.5 + 1.7D) 


X, = 0.872 = 
1+ (AV C,/27) 
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Radiation and Convection in a Clean Furnace. For the special 
case in which the furnace is clean, that is D = 0, Equation [9] 
reduces to 


_ 0.486 C,U 
Cl AN C72) 


where ,X, is the heat-transfer rate by radiation in Btu per sq ft 
per hr to the cold surfaces in a clean furnace. 

However, the similar Hudson-Orrok formula, which gives the 
total heat transferred by radiation and convection is 


y Cu 
1+ (AV C,/27) 
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A comparison of Equations [10] and [11] shows that the heat 
transferred by radiation X, is 43.6 per cent of the total heat trans- 
ferred (radiation and convection) as computed from the Hudson- 
Orrok formula for these tests. This division of the total heat 
transfer between radiation. and convection for D = 0 (clean 
furnace) is shown graphically in Fig. 16. 

To investigate the division of the total heat transfer between 
radiation and convection for dirty furnaces, it will be necessary 
to find how the total heat transferred to the cold surfaces in the 
furnace varies with the furnace dirtiness. 


RELATIVE HEAT TRANSFER. 


., tests reported by DeBaufre.* 
\ “considerable amounts of slag’ is to reduce by about 20 per cent 
- the total heat transferred to the cold surfaces in the furnace. 


- clean furnace with the same energy-release rate. 
_ tablishes the trend of curve B in Fig. 16. 


transfer in the furnace as D increases. 


DISCUSSION 


Effect of Dirtiness on Total Heat Transfer in the Furnace. 
A probable relationship between the total heat absorbed in the 
furnace and the dirtiness is shown by curve B in Fig. 16. This 
curve expresses the commonly observed fact that as the water- 


) wall tubes become dirty, less heat is absorbed by the cold surfaces 


in the furnace for a given energy-release rate. 

The effect of the decrease of total heat transferred in the 
furnace as the furnace becomes dirty is illustrated in a series of 
These tests show that the effect of 


For this condition, D was probably more than 0.4 and less than 
0.8. A reasonable value for D would be 0.6. Then for D = 0.6, 
the total heat transfer is 80 per cent as much as it is for the 
This es- 


The corresponding dependence of the radiation upon the fur- 
nace dirtiness, as predicted by Equation [9], is shown by curve Y 
in Fig. 16. The factor in Equation [9] (the radiation equation) 


involving the dirtiness is 
) 


Ya 0:80 2\(Ge— 0:82) i (Oa ett D) es case ae 


Modification of Radiation Equation. The need for some 
correction is indicated from a consideration of the relative 
magnitude of the rates of heat transfer by radiation and by 
convection in a dirty furnace. For instance, for D = 0.5, the 
half of the surface which is clean will absorb at least as much heat 
by convection as it does when all the surface is clean. Hence, the 
average heat-transfer rate by convection for D = 0.5 would be at 
least one half as much as it would be for D = 0 with the same 
energy-release rate. 
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But this is not the conclusion which would be drawn from an 
inspection of Fig. 16. The curves in Fig. 16 show the convection 
to be only 27 per cent as much at D = 0.5asat D = 0. 

Since the curves of Fig. 16 lead to incorrect conclusions, at 
least one of them is wrong. Curve B was drawn with little 
information, but if it were to be shifted upward far enough to 
correct this discrepancy at D = 0.5, the change would be such 
that there would be no significant decrease in the total heat 
Hence, it is concluded 
that Y is the offending curve and should be modified to correct 
this apparent defect. . 

Such a modification is shown in Fig. 17. 
Y from this graph is 


The resulting value of 


DASE EY Pe Gal OY B) at (0s al YB) ee (13] 

$“Heat Absorption in Water-Cooled Furnaces,” by W. L. De- 

Baufre, Trans. A.S.M.E., vol. 53, 1931, paper FSP-53-19a,¥p. 257 
(Manchester Tests). 
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This change from Y to Y’ has been accomplished by changing the 


radiation-intensity factor (0.5 + 1.7D) to (0.6 +.1.1D). This 
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Fic. 18 Comparison oF Rapiation Basep Upon THE MEASURED 
RapIATION INTENSITIES WITH THE HupsoN-ORROK AND WOHLENBERG 
FORMULAS 
(Data obtained from a clean furnace, D = 0.) 


change may be justified on the grounds that the estimates of 
the fraction dirty during the boiler tests could be in error. The 
indications are that these estimates were low. It is unlikely 
that the necessary change should be made in the factor (1 — 
0.8D) for the reason that when it was determined the dirty 
area of the thermal probe was measured, rather than estimated. 

When Y’ is substituted in Equation [9] in place of Y, the radia- 
tion equation becomes 


(1 — 08D) (0.5 + 11D) ,, 
1+ (A VC,/27) 


This radiation equation has been set up from considerations of 
the variation of radiation and convection with the furnace dirti- 
ness at constant energy-release rate. The relative importance of 
the heat transfer by radiation and by convection probably varies 
with the energy-release rate in the furnace. But since the boiler 
tests of this investigation were made under regular operating 
conditions, the range of energy-release rates was not great enough 
to permit a prediction of its effect upon the relative heat transfer 
by radiation and by convection. 

Comparison of Modified Radiation Equation to the Hudson- 
Orrok Formula and to the Wohlenberg Formula. A graphical 
comparison of the results obtained by the use of the Hudson- 
Orrok formula and the Wohlenberg method with the results ob- 
tained by the modified radiation equation is shown in Fig. 18 for 
the clean furnace condition. 


= 0.872 


X, 
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It is to be noted that the radiation predicted by means of the 
Wohlenberg method is greater than that computed from the 
measured radiation intensities. Also, the total of radiation 
and convection (Wohlenberg method) is considerably lower than 
the total indicated by the Hudson-Orrok formula. 

For one of the boiler tests (clean furnace) the radiation term 
in the Wohlenberg heat-balance equation has been made to agree 
with the measured radiation intensity. The result has been to 
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reduce the mean flame temperature from 2360 F to 2116 F, and 
thus to reduce the computed heat capacity of the gases leaving the 
furnace. To satisfy the heat-balance equation the convection 
term is increased. This change in the convection term which 
corresponds to the modification of the radiation term in the 
computations for boiler test No. 17 is shown in Fig. 19. 

For this test, when the radiation term was made to agree with 
the measured radiation intensities, the convection term was 
increased, with the result that the total radiation and convection 
as computed from the Wohlenberg method is seen to be in close 
agreement with the value computed by the Hudson-Orrok for- 
mula. 

Summary. In view of the additional data Equations [3], 
[4], and [5] (the tentative radiation equations) have been modi- 
fied. The modified equations are: 

Radiation intensity 


0.5 + 1.1D P 
= I yet ae [15] 
1+ (A VC,/27) 
Rate of heat transfer by radiation 
0.872 (0.5 1.1D) (1 —0.8D 
re (05 HE EDA BD ein 


1+ (A VC,/27) 


DISCUSSION 


W. J. Wontenserc.! It has been assumed by the authors 
that radiation-intensity measurements by themselves, as taken at 
different points on the walls of the furnace, will yield sufficient 
data with which to determine the energy absorbed by the water 


4 Professor of Mechanical Engineering, Sheffield Scientific School, 
Yale University, New Haven, Conn. Mem. A.S.M.E. 
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and steam from the furnace cavity. Let us consider what 
actually occurs at a square foot of cold surface covered by a 
dirty layer. In this case the specific rate of energy absorption 
at the surface is equal to the rate of thermal conduction through 
the dirty layer in front of the surface. The rate of thermal 
conduction through the surface is equal to the radiation intensity 
on the front side of the dirty layer minus the reradiation from 
the front of this layer to other parts of the furnace cavity. The 
authors of this paper have actually measured only one of the 
quantities involved, that is, the radiation intensity. They have 
then made a very rough estimate of the dirtiness condition of the 
surface, following which, on the basis of their assumption, they 
have applied the Hudson formula as adapted by Orrok for the 
purpose of arriving at the actual energy absorption. Thus, 
they have arrived at the relation between radiation intensity and 
the energy absorbed purely on the basis of an assumption, which 
may or may not be reasonably close to the truth, 

It appears to the writer, however, that before any such assump- 
tion could be made it would be necessary to calibrate the radia- 
tion calorimeter with respect to the furnace cavity rather than 
with respect to a special black-body absorber. In general, this 
could be done in one of two ways: (1) If, in conjunction with the 
measurements of radiation intensity, the temperatures of the 
gases as they escape from the furnace cavity were ascertained by 
means of a suction thermocouple, then the actual heat ab- 
sorbed from the gases could have been determined by means of a 
heat balance. This could have been related to the radiation 
intensities as measured by means of the calorimeter; (2) if, 
in conjunction with measurements of radiation intensities by 
means of the calorimeter, it were possible to measure the actual 
energy as heat which was absorbed by the water and steam 
circulating through tubes at all furnace walls, the latter quantity 
could have been related directly to the values of radiation inten- 
sity. Of course, on the furnace in question this method could not 
have been employed because some and probably all of the tubes at 
the furnace walls were connected in the boiler circulation and 
could not have been isolated without very great expense. Since 
this is the usual state of affairs in this respect, there are only a few 
boilers in the United States in which this method could be em- 
ployed. 

It may be said in general that the radiation-intensity method as 
used by the authors is not fundamentally new, as it has been used 
before under the name of thermal probe. This device usually 
consists of a flat-faced hollow steel block through which water is 
circulated. The heat absorbed by the circulating water is found 
by measuring its weight per unit time and its initial and final 
temperatures. The measurement is thus translated directly 
into Btu absorbed per unit of surface of the thermal probe. 
But this is exactly what the authors have done except that in 
the translation they have gone one step further, stating the re- 
sult as radiation intensity. 

Mullikin, in the course of his field work’ on measurements of 
heat absorption in furnace cavities, at one stage of the develop- 
ment of the experimental work, attempted to use the thermal 
probe. He found that he could place little reliance on the results 
because of the (1) limitation as to number and location of open- 
ings which may be made in the furnace wall, (2) difficulty of 
operating more than one thermal probe at the same time, (3) 
lag in responsivity during the time intervals during which the 
furnace conditions change, (4) impossibility of having the same 
amount of slag on the thermal probe as existed on the furnace 
tubes, and (5) possibility of considerable error due to peculiar 

5 Dissertation presented for degree of Ph.D., Department of 
Mechanical Engineering, Yale University, June, 1934, parts of which 
were presented at the Annual Meeting of the A.S.M.E., Dec., 2-6, 
1935. 
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local conditions. Miullikin, of course, was using this device in 
order to obtain auxiliary information in a test the main object 
of which was to measure the temperatures of the gases as they 
left the furnace cavity. The latter measurements were made 
‘by the suction-type thermocouple. In view of all of this it 
seems quite apparent that it may be necessary to have a calibra- 
tion of the radiation calorimeter not only for each type of furnace 
in which it is used but possibly also with respect to the positions 
in which it is located in a particular type of furnace. 

. For the reasons advanced in this discussion, the report as it 
stands seems to be incomplete. If the authors could take the 
additional measurements suggested and then submit a report 
in which the radiation calorimeter has been calibrated for the 
furnace cavity, it would be more convincing. This means the 
measurement of the gas temperature as the gas escapes from the 
furnace cavity, preferably by suction-type thermocouples. 
_ After this is done, the relationship between the heat-absorption 
and radiation-intensity measurements will be established for the 
‘particular furnace on which they are working. Thus, the cali- 
bration of the instruments with respect to the furnace would 
‘suffice even in this case to cover a wide range of operating condi- 
'tions. It seems to the writer that the investigation must be 
made from this point of view before confidence can be placed in 
the results of the method. 


) 


Rate A. SHerman.® This paper presents the results of an 
obviously extended investigation that has required a great deal 
of painstaking work. Several questions as to the apparatus used 
and the conclusions reached occur to the writer. 

The radiation calorimeter used may have functioned very well, 
but one wonders why a thermopile was not used. The thermo- 
pile is much simpler, more portable, requires but one reading, the 
emf output, and attains its full output within a few seconds. If 
a thermopile had been used, a sylvite or rock-salt window, or 
‘no window, could have been used at the face of the absorber. 
This would have obviated what appears, at first glance, to be a 
fault with the authors’ apparatus, the use of a quartz window. 
Quartz is opaque beyond about 4u and a considerable part of the 
radiation must never have penetrated the window. As, however, 
the water was in contact with the window, its transparency was 
of little or no moment and served only as a thermal insulator 
‘between the absorption chamber and the front cooling ring. 
From this viewpoint it would appear that any glass would have 
served as well as fused quartz. 

The effective emissivity of the calorimeter is surprisingly low; 
as indicated by Equation [2] from Fig. 5, it is only 46.4 per cent. 
The quartz plate might have been expected to have had a higher 
‘emissivity; probably this is partly accounted for by the con- 
duction loss to the front cooling ring. The calibration curve is a 
good straight line over the range shown, but this is very short 
-in terms of temperature of the radiating source. The range of 
35,000 to 60,000 Btu per sq ft per hr represents a range of only 
300 F, from 1650 to 1950 F. As Table 1 shows measured radia- 
tion intensities of 12,000 to 107,000 Btu per sq ft per hr, consider- 
able extrapolation must have been done. The propriety of this 
is questionable in view of the low effective emissivity over the 
range of calibration, as this may not have been constant beyond 
those limits. 

The authors have properly stressed the importance of the con- 
dition of the water-cooled surfaces in the furnace with regard to 
the amount of slag and ash accumulation, which is not considered 
in either the Wohlenberg or Hudson-Orrok formulas. They show 
clearly in Fig. 10 how the measured radiation intensity increases 


6 Buel Engineer, Battelle Memorial Institute, Columbus, Ohio. 
| Mem. A.S.M.E. 
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as the surfaces become dirty, but in the original paper in their 
extensions of these data in Equations [4], [5], and [6] to arrive at 
a modified Hudson-Orrok formula to include the effect of dirti- 
ness, the dirtiness factor D appeared in the numerator which 
meant that as the tubes became covered with slag the amount 
of heat that they absorbed increased. 

In the additional data given at the time of presentation of the 
paper’ they have corrected this and show in Figs. 16 and 17 
that the total heat transfer in the furnace decreases as the ex- 
posed surfaces become dirty. The authors maintain, however, 
that the radiation attains a maximum with a dirtiness factor of 
0.4 to 0.5, which seems inconsistent to the writer. 

The results presented in the paper are valuable as they are the 
most comprehensive measurements of radiation in boiler fur- 
naces that have been presented to the Society. They show for 
the first time the effect of slagging of radiant surfaces and also 
indicate that the convection factor is more important than it has 
previously been considered to be. 


AvuTHors’ CLOSURE 


Prof. W. J. Wohlenberg’s discussion was written without per- 
sonal knowledge of the additional experimental work presented 
in the addenda. His criticism of the estimation of the actual 
radiation absorption was justified. However, the revised Equa- 
tion [14] is based upon actual measured absorption rates. The 
authors are not confident that greater accuracy can be obtained 
in the calibration of the instrument by calibrating it in the furnace 
by measuring the gas temperature at the furnace outlet and then 
computing the theoretical condition in the furnace as sug- 
gested by Professor Wohlenberg. The authors are of the opinion 
that it is only necessary to indicate that velocity, temperature, 
and gas analysis traverses at the furnace outlet are required for 
accuracy by this method. The authors believe that the problem 
of furnace radiation will never be solved with scientific accuracy 
because of the multitude of experimental difficulties. Even if 
absolute results could be obtained accurately, could these results 
be applied with the same accuracy in a furnace where the tem- 
peratures and heat flows are continually changing? 

Experimental results from isolated tubes in a furnace are 
extremely valuable, but for the principal topic presented in this 
paper, the convection effects and the radiation effects would re- 
quire separation. The experimental evidence given in the paper 
would indicate that the net radiation absorbed as calculated by 
the Wohlenberg method is too large, while the convection com- 
ponent is too small as computed by the same method. 

R. A. Sherman justly criticizes the form of Equations [5] and 
[6] (the tentative equations for heat absorption), since these 
equations would indicate that the net heat absorbed by radia- 
tion by the waterwalls would increase indefinitely with dirtiness. 
These relations have been revised in the light of the additional 
experimental work noted in the addenda, resulting in Equation 
[14]. 

Mr. Sherman’s query as to why a calorimeter was used in- 
stead of a thermopile may be answered by the fact that originally 
it was believed the protective cooling of an instrument of the 
type used would be more satisfactory. 

Many steps were taken before the present instrument was 
finally developed. L. P. Meade® is primarily responsible for the 
design of the present instrument. A rock-salt window was used 
initially because of the high transparency. However, Meade 
found that due to deterioration of the surface of the rock-salt, 
protective coverings of a special transparent lacquer were re- 


7 See authors’ addenda, which includes these additional data. 

8‘‘An Instrument for the Measurement of Radiant Energy in 
Boiler Furnaces,” by L. P. Meade, a thesis presented in partial 
requirement for the Master’s degree, University of Iowa. 
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quired. The final lacquered rock-salt window had a lower trans- 
mission than fused quartz and therefore the latter material was 
used because of its low coefficient of expansion. 

The instrument was calibrated? for intensities from 12,000 to 
50,000 Btu per sq ft per hr, although this is not indicated by the 
series of tests shown in Fig. 5 of the paper. The criticism of the 
low range of calibration is justified. Calibrations at higher 
intensities were not possible with the means at the author’s 
disposal. The error due to the absorption bands of the quartz 
has been mostly eliminated by calibrating the instrument against 
a black-body absorber. 


The Loading and Friction of Thrust 
and Journal Bearings With 
Perfect Lubrication’ 


Ira A. Terry.2 Mr. Howarth’s paper presents information 
and data in such a form that it will unquestionably prove very 
useful to designing engineers in readily applying it to bearing 
design. As suggested by the author in Appendix B, it is not 
generally practical to apply the optimum conditions of pressures 
and journal diameters to commercial machines. It is customary 
to use standard bearing sizes with standard clearances and suit- 
able manufacturing tolerances over quite a range of speeds and 
loadings in order to simplify as much as possible manufacturing 
operations. The wide range which must be covered by an indi- 
vidual bearing may not be conducive at all points to optimum 
conditions of lubrication. However, an understanding of the 
optimum conditions, together with the results it is possible to 
obtain, can be used very advantageously in laying out a line of 
bearings to fit fairly close to the most desirable dimensions, and 
further permits the careful study of special cases where lubrica- 
tion problems may be rather severe. 

The bearing losses in electrical machines are relatively unim- 
portant in so far as machine efficiencies are concerned because of 
their small magnitude in comparison with other losses. Conse- 
quently, the main purpose of having fairly accurate data on which 
to base loss calculations is associated primarily with methods of 
cooling or otherwise dissipating the loss without excessive tem- 
peratures. Several years ago a series of tests was made to de- 
termine the coefficient of friction for two types of thrust bearings 
up to 42 in. outside diameter and for journal bearings up to 
15 in. diameter. These tests involved pressures from 50 to 800 
Ib per sq in. and velocities from 400 to 10,000 fpm. Oil having 
a Saybolt viscosity of 250 sec at 40 C was used in tests. The 
room temperature was maintained constant at 30 C. By this 
means the equivalent of expected operating conditions was du- 
plicated as close as possible, i.e., standard bearings may be applied 
throughout a very wide range of speeds and loads, and about the 
only constants involved are the kind of oil and the room tempera- 
ture, both of which are specified by operating instructions for 
electrical machines. Since operating temperatures vary greatly 
under such conditions, the actual viscosity of the oil in the oil 
film will also vary greatly. 

The test data were analyzed to obtain as simple an empirical 
formula as possible for calculating with a log-log slide rule the 
approximate bearing loss for both journal and thrust bearings. 
To allow for operating contingencies of lower room temperature, 


9**Radiation in Steam Boiler Furnaces,” by C. F. Schmarje, a 
thesis presented in partial requirement for an advanced degree, 
University of Iowa. 

1 Published as paper MSP-57-2, by H. A. S. Howarth, in the May, 
1935, issue of the A.S.M.E. Transactions. 

2 Motor and Generator Engineering Department, General Electric 
Company, Schenectady, N. Y. 
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imperfect alignment, and finish imperfections, the formula was 
adjusted to give results 15 to 20 per cent higher. This formula is 


4 AP%.4 (Nd)12 


ieee OE ini 1 
P * 10,000 1000 [1] 


where A is the net area, sq in.; P is the pressure on the net area» 
Ib per sq in.; N is the speed, rpm; and d is the average bearing 
diameter, in. 

An expression for the coefficient of friction will then be 


_ 0.05 (Wa)* 
~ P06 1000 


These formulas, although not dimensionally correct, have been 
checked from time to time with test data on different types of 
thrust bearings and different proportions of journal bearings, in- 
cluding test data published in the technical press, and have been 
found to agree fairly satisfactorily with observations even when 
extrapolated to larger sizes than were included in the original 
tests. It is to be observed that the equations in respect to di- 
mensions are importantly different from those presented by Mr. 
Howarth. Based upon Mr. Howarth’s equation for coefficient of 
friction, the horsepower will vary as the 0.5 power of the pressure 
and as the 1.5 power of the average velocity, whereas in formula 
[1] of this discussion, the horsepower varies as the 0.4 power of the 
pressure and the 1.2 power of the average velocity. The length 
factor | does not appear in formula [1] of this discussion although 
the manner in which k varies with respect to / in Mr. Howarth’s 
formula for \ on page 178 is such that the two effects practically 
offset each other. 


COMPARISON OF POWER LOSSES CALCULATED BY 
DIFFERENT FORMULAS 


TABLE 1 


———————_Power loss, hp at 100 rpm———_——_. 
From Howarth’s From Terry's test 
Table 2 data and formula [1] 


ea 


0.0128 0.0162 
0.0220 0.0293 
0.0350 0.0477 
0.0522 0.0735 
0.0744 0.107 
0.118 0.177 
0.176 0.269 
0.344 0.55 
0.501 0.82 
0.944 1.60 
1.59 2.82 
2.49 4.54 
3.66 6.82 
5.17 9.9 
9.30 18.5 
15.2 31.0 
23.2 48.7 
39.7 87.0 


Obviously, formulas so widely different dimensionally cannot 
check over a range of sizes and speeds. Table 1 of this discus- 
sion compares the power losses at 100 rpm given by Mr. Howarth 
in his Table 2 with the corresponding point calculated from the 
writer’s test data by formula [1] of this discussion. In this 
comparison, it should be observed that an essential difference be- 
tween the bearing tested by the writer and the bearing described 
in Mr. Howarth’s Table 2, is that the ratio 1/b was much smaller 
for the tested bearing than it was for the bearing described in the 
author’s Table 2; therefore, the test results should be expected 
to be somewhat higher. At greater values of the pressure within 
the oil film P and the relative velocity of the bearing surfaces U, 
the agreement would be better, except for very high values, in 
which case formula [1] of this discussion would show lower results 
than those given by the author. 

In connection with the design of bearings and optimum con- 
ditions of lubrication, Mr. Howarth’s last sentence of the first 
paragraph under ‘Film Thickness,” page 183, is very pertinent. 
The third item of that sentence, relative to the possibility of th 
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1 film being required to pass foreign matter without serious in- 
ary to the bearing surfaces, in general dictates shorter bearing- 
»gment lengths in a circumferential direction than may be de- 
rable from a purely optimum condition of lubrication asso- 
‘ated with a minimum oil-film thickness. From this standpoint, 
bearing having a shorter length J seems to be the best choice of 
esign since the length over which a foreign particle may be re- 
iired to travel between successive oil grooves is shorter and con- 
squently injurious heating as a result of it is less liable to occur. 
‘In the second paragraph of Mr. Howarth’s paper under ‘“The 
»oading and Friction of Journal Bearings,” page 176, the author 
/scusses an assumption made by several investigators that the 
»efficient of viscosity » is assumed to have a constant mean 
alue throughout the film. In attempting to determine what 
ais mean viscosity might be, most investigators have taken an 
withmetical mean between the inlet and outlet temperature. 
“bservations which have been made on bearings having a sta- 
nary plate made of glass may be of interest. Three types of 
earings were tested: (1) pivoted shoe, (2) parallel plate flexibly 
upported, and (3) taperland. All three of these bearings showed 
4 inherent similar characteristic that each oil groove has a one- 
xth to one-fifth scavenging effect. Therefore, a maximum of 
‘yout five-sixths of the oil in the oil film in one segment passes on 
») the next segment where the oil film, of course, becomes re- 
venished by the addition of one-sixth new oil and then one- 
«th of the combination is dropped at the following groove. 
{he observations to determine the scavenging action were made 
7 injecting coloring matter into the oil film and observing the 
‘sults as the bearing surfaces moved relative to each other. 
(lthough the value may not be expected to represent exactly the 
voount of scavenging, and furthermore different conditions of 
ast set-ups might lead to somewhat different results, still an in- 
‘cation of such a small amount of scavenging at each oil groove 
seans that careful thought must be given to the actual tempera- 
sre occurring inside an oil film before deciding upon the mini- 
-um oil-film thickness, and upon the average value of viscosity 
‘nich may be used to represent losses. 
' The author discusses under various headings on pages 182 and 
3 formulas which may be applied to the solution of problems 
sociated with forced-oil starting of bearings. There are many 
stances in the practical application of journal bearings where 
h-pressure oil pumps are connected to the bearings in order to 
't the shaft on an oil film previous to starting and thereby reduce 
e in-rush required to start an electric motor to a value which a 
‘ticular distribution system can stand without objectionable 
cker. By this means the coefficient of static friction is elimi- 
ited and there is obtained an extremely small starting friction 
\that the torque required to start the motor is only that as- 
ciated with the windage loss; and a reasonable length of time 
required to bring the machine to speed. 
Mr. Howarth’s formulas 19 to 26 check fairly well with some 
zults observed on bearings equipped for forced-oil starting, 
and only if, it is possible to determine the thickness of the 
film h and the viscosity of the oil ». These are extremely 
“ficult to determine. 
Fig. 8 in the paper shows the type of construction frequently 
ployed for forcing oil in between a bearing and a journal. By 
plying a pressure P; at the entrance to the bearing approxi- 
itely equal to two or three times the mean bearing pressure 
sulting from the load, it is found that an apparent lifting force 
5 per cent is sufficient to cause the formation of an oil film be- 
‘een the surfaces. By this apparent lifting force is meant the 
oduct of the pressure P; by the area represented in the circle 
‘radius r;. The action of this forced oil is to instigate a slight 
‘1 of the journal to one side or the other of a bearing. After 
s roll has taken place, oil can proceed out from the inlet hole 
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at a fairly rapid rate causing the lift of the bearing. In the 
case of flat plates, a similar apparent lifting force produces a 
slight deformation of the plates adjacent to the oil hole that is 
sufficient to make the oil spread out from the hole in a manner 
similar to the disturbances caused by a rock dropped in a calm 
pond. 


S. J. Neeps.? Mr. Howarth has pointed out that optimum 
conditions in bearings are brought about by the geometrical form 
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of the oil film. Any bearing having a fluid film and operating 
with a given load and speed will have some minimum film thick- 


3 Research Engineer, Kingsbury Machine Works, Inc., Philadelphia, 
Pa. Mem, A.S.M.E. 
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ness jo. For optimum load or friction conditions to exist, the 
film thickness at all points must bear a definite relation to the 
minimum film thickness. These relations have been tabulated 
in the paper by Dr. Kingsbury, referred to by Mr. Howarth 
and again are brought to attention in Mr. Howarth’s present 
paper. They were calculated from theoretical considerations 
and refer to bearings of infinite width. 

The investigation referred to by Mr. Howarth, which was un- 
dertaken by the writer, had for one of its objects, the determina- 
tion of whether the film form found to be optimum at infinite 
width would also be optimum at all finite widths. As antici- 
pated by Dr. Kingsbury, it was found that at finite widths, the 
optimum film forms were somewhat different from the optimum 
at infinite width. To date, only the 120-deg centrally supported 
clearance bearing has been investigated for this condition; al- 
though similar behavior may be expected in other types. 

As the bearing is decreased from infinite to finite widths, the 
change in the optimum film form is due to the fact that best con- 
ditions are found at increasing eccentricities as the bearing be- 
comes narrower. Hence, to obtain the best load and friction 
conditions for a given minimum film thickness, the relative radial 
clearance (n/h,) must be increased as the width of the bearing is 
reduced. In Fig. 1 of this discussion, curves A and C’ show, re- 
spectively, the magnitude of the improvements in load capacity 
and minimum friction coefficient (above the values given by Dr. 
Kingsbury’s charts and Mr. Howarth’s present paper) that may 
be brought about by increasing the relative clearance and thus 
establishing optimum film forms at finite widths. Curve B 
shows the required increase in relative clearance to bring about 
the improvements in load capacity shown by curve A, and curve 
D shows the required increase in relative clearance necessary to 
bring about the improvements in minimum friction coefficient 
shown by curve C. The improvements are given as ratios by 
the vertical scale, the ratios being comparisons of the results 
given by Mr. Howarth’s class-C charts when used with the gen- 
erally applicable side-leakage chart KX; and similar results as 
found by the writer. The former results are represented in Figs. 1 
and 2 of this discussion, by unity, for all values of 1/b, the latter 
results being represented by the curves. For example, let us 
consider a 120-deg centrally loaded bearing, the length in the 
direction of motion being the same as the width, or J/b = 1.0. 
From the class-C tables given by Mr. Howarth, and his KX 
chart, values for the maximum load capacity and minimum fric- 
tion coefficient may be found and also the relative clearances 
necessary to bring these conditions about. From Fig. 1 of this 
discussion, we find from curve B at 1/b = 1.0, that if we increase 
the relative clearance for maximum load, as given by Mr. Ho- 
warth’s paper, 1.185 times or 18.5 per cent, the film form will be- 
come optimum and the load capacity will be increased 1.10 times 
or 10 per cent, as shown by curve A in Fig. 1 of this discussion. 
This increase in relative clearance permits the eccentricity to in- 
crease from c = 0.4688, the optimum value at infinite width, to 
c = 0.552, the optimum value for 1/b = 1.0. Similarly, curve C 
shows a 7.3 per cent drop in minimum friction coefficient by in- 
creasing the relative clearance 31 per cent as shown by curve D. 
Here, the increase in clearance will permit the eccentricity to in- 
crease from c = 0.4904, the optimum value at infinite width, to 
c = 0.612, the optimum value at 1/b = 1.0. 

From Fig. 1 of this discussion it is apparent that the gains in 
load capacity and in minimum friction coefficient are less in per- 
centage than the necessary increases in relative clearance to bring 
them about. Since most bearings are wider than the square pro- 
portions, falling between 1/b = 0.5 and 1/b = 1.0, the advantages 
to be gained in load capacity and minimum friction coefficient 
are negligible, as has been pointed out by Mr. Howarth. Should 
the hearing be relatively narrow, however, appreciable advantages 
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in load capacity and reduced friction may be obtained by in- 
creasing the relative clearance to the amount required for the 
formation of the optimum film form. The narrower the bearing 
the greater the advantages and the greater the required increase 
in clearance, the minimum film thickness remaining constant — 
for all 1/b ratios. : 
In some cases large clearances may be undesirable since they 
increase the difference between the shaft positions when running 
and at rest, and cause higher concentration of pressures at start- 
ing and stopping. Therefore, if we maintain at all finite widths 
the relative clearances found to be optimum at infinite width, 
the objection of relatively large clearances is overcome but mak- 
ing it impossible to establish the optimum film form in practical 
bearings. From this point of view the results, obtained by using 
the class-C table and the side-leakage chart KX in Mr. Howarth’s ; 
paper, are found to be in close agreement with the results of the — 
investigation of 120-deg centrally loaded bearings mentioned in 
the second paragraph of the writer’s discussion. The compari- 
son is made in Fig. 2. Unity on the ratio scale again represents 
the values given by Mr. Howarth’s class-C table used with his 
chart KX. Curve E gives the comparative results for load — 
capacity for constant eccentricity ¢ = 0.4688 and constant rela- — 
tive clearance /h, = 1.883. Curve F gives the comparative — 
results for friction coefficient for constant eccentricity c = 0.4904 
and constant relative clearance 7/h, = 1.962. 
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DISCUSSION 


L. M. Ticuvinsxy! anp R. Baupry.’ With reference to the 
author’s chart Fig. 13, the writers wish to mention the practi- 
cal aspect of the clearance ratio 7/r in the region of optimum 
poondition. The writers made an analysis for the case of 360- 
deg and 90-deg journal bearings and showed, in a paper, ‘“Perform- 
-ance of Large Journal Bearings,” by R. Baudry and L. M. 
Tichvinsky, presented at the Annual Meeting, 1934, that the 
ratio »/r may vary considerably in the region of optimum con- 
‘dition. The case of a 120-deg clearance bearing was considered 
“in Mr. Baudry’s discussion of 8. J. Need’s paper,® and some of 
the observations of that discussion are repeated here. In Fig. 3 
of this discussion, the bearing eccentricity c is plotted as abscis- 
sas ranging from 0 to 1, thus covering the complete operation of 
the bearing performance. The ordinates of this figure are the 
values of clearance ratio, minimum oil thickness, and coefficient 
‘of friction. 

It is seen from Fig. 3 of this discussion that for a variation of 
the clearance ratio from less than 0.001 in. per in. to more than 
0.002 in. per in., the coefficient of friction will vary only plus or 
minus 2 per cent of the mean value shown on the curve. The 
variation of the oil-film thickness is of the same order. 

On Fig. 4 of this discussion (plotted from Fig. 3) is shown the 
clearance ratio which will give the optimum condition for various 
jvalues of ZN/P. It is seen that the clearance ratio remains con- 
stant for a rather large variation of ZN/P. Therefore, it is pos- 
sible to use a constant clearance ratio over a large range of bear- 
ing operations and still operate near optimum conditions of the 
bearing performance. It is interesting to note that this corre- 
sponds with clearances determined by experiments and used on 
Westinghouse bearings. ; 

Thus, for example, it is the Westinghouse practice to use a 
clearance of 0.002 in. per in. for high-speed turbogenerators 
operating with values of Zn/P varying from 100 to 400. For 
former slow-speed power bearings with a 120-deg angle and values 
_of ZN /P below 100, a clearance ratio of 0.001 in. per in. was used. 


G. B. Kareurrz.7 Some time ago the writer offered charts for 
the determination of the minimum oil-film thickness in a central 
journal bearing. The analysis was based on premises slightly 
_ different from the author’s. The examples given in the paper, 
_ were worked out on the basis of the charts in the writer’s paper 
' the comparative results being given in Table 2 of this discussion. 


TABLE2 COMPARISON OF OIL-FILM THICKNESSES OBTAINED 
BY KARELITZ AND HOWARTH METHODS 


Example no. 


from Howarth's Oil-film thickness, in. 


paper Howarth Karelitz 

) 1 0.0030 0.0032 
3 0.0048 0.0045 

4a 0.0017 0.0018 

4b 0.0029 0.0025 


For practical purposes, the results in Table 2 are sufficiently 
close, while the treatment in the writer’s paper is very much 
simpler. This suggests that the rigorous treatment presented in 
Mr. Howarth’s graphs might be simplified without impairing the 
value for practical designers. 

Concerning the friction in journal bearings, it is the writer’s 
- contention that the total amount of friction in oil-ring bearings 


4 Westinghouse Research Laboratories, Westinghouse Electric and 
- Manufacturing Company, East Pittsburgh, Pa. 

’ Power Engineering Department, Westinghouse Electric and 
Manufacturing Company, East Pittsburgh, Pa. 

6 Discussion by R. Baudry of “Effects of Side Leakage in 120- 
Degree Centrally Supported Journal Bearings,” by S. J. Needs, 
A.S.M.E. Trans., vol. 57, no. 3, April, 1935, p. 136. 

7 Professor of Mechanical Engineering, Columbia University, New 
York, N. Y. Mem. A.S.M.E. 

8 “Performance of Oil-Ring Bearings,” by G. B. Karelitz, Trans. 
| A.S.M.E., vol. 52, part 1, 1930, paper APM-52-5, pp. 57-70. 
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or in power bearings with forced feed is close to the friction in a 
360-deg tubular bearing under the same conditions of load, speed, 
and clearance. Admittedly, this field is still open for investiga- 
tion but as yet little work has been done because of the difficulty 
involved in making the experiments. It must be kept in mind 
that the coefficients of friction given in the paper refer only to the 
friction in the active oil film. The total losses in bearings can be 
determined closer by the chart given by McKee.? 

Example 7 of the paper, dealing with a 360-deg bearing, gives 
the coefficient of friction X = 0.0080 compared with McKee’s 
figure X = 0.0098. The losses in the oil film of Mr. Howarth’s 
example 1 given as 6.6 hp are, however, much lower than McKee’s 
figure of 16 hp, which actually would obtain in a normal power 
bearing of a size required for the load and speed stipulated in the 
problem. It is hoped that investigators in the field of bearing 
mechanism will be stimulated by Mr. Howarth’s paper to inves- 
tigate experimentally and present their findings on friction in 
bearings with perfect lubrication. 


AuvTHOR’s CLOSURE 


The author appreciates the valuable discussions that have been 
offered by I. A. Terry, S. J. Needs, L. M. Tichvinsky, R. Baudry, 
and G. B. Karelitz, and will endeavor to answer the questions 
they have raised and to add comments that may clarify the points 
involved. 

Although bearing losses may be, as Mr. Terry has said, rela- 
tively unimportant in the matter of overall efficiency of elec- 
trical machinery, the author would like to point out that power 
loss in bearings is not by any means insignificant in large high- 
speed hydroelectric units, such as those being built for Boulder 
Dam. 

At a normal speed of 180 rpm the friction loss in a Kingsbury 
thrust bearing for the Boulder units would be about 200 hp when 
carrying a load of 1,750,000 lb. Surely it should be important to 
the engineer and to his client, the investor, whether such a 
machine be equipped with a bearing wasting 200 hp or with one 
wasting 250 or 300 hp or more. The cost of the hydroelectric 
installation may amount to $200 per horsepower developed by 
the turbine. If only 50 hp could be saved in thrust-bearing loss 
per machine, the investment value of it would be $10,000, which 
is approximately the price of a thrust bearing for such a macbine. 

That power losses may vary over even a wider range than this 
for different types of bearings, should be evident from Fig. 12 
in Appendix D of the paper. It is shown in this figure that devia- 
tions from optimum in the design of thrust bearings of the flat- 
wedge type may increase the friction as much as five or more 
times the optimum value. Such increases in power loss are ac- 
companied by corresponding decreases in film thickness and 
margin of safety. 

The tests to which Mr. Terry refers are of such importance as 
to warrant their complete description in an engineering paper so 
that the conclusions drawn from them could be examined cri- 
tically. It is quite probable that the formulas proposed by Mr. 
Terry could then be shown to represent design variations or 
experimental abnormalities rather than real differences between 
theory and practice. 

With regard to the best circumferential length for the segments 
of a Kingsbury thrust bearing, the longer they are, the thicker 
will be the films produced by them, other factors being unchanged. 
Conversely, the shorter they are, the thinner the film and the 
higher the friction. A careful study of this matter, taking into 
account the side léakage of oil from the films, shows that the 
proportions used by Dr. Kingsbury are very close to the optimum. 

“9 “Friction of Journal Bearings as Influenced by Clearance and 


Length,” by S. A. McKee and T. R. McKee, Trans. A.S.M.E., vol. 
51, part 1, 1929, paper APM-51-15, pp. 161-170. 
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Mr. Terry’s discussion of the scavenging effect of oil in a groove 
is very valuable indeed and covers a point that is rarely men- 
tioned. It is very desirable that this matter be investigated fully 
and that its importance be emphasized. The author hopes that 
Mr. Terry will find time to cover this fully in a paper before the 
Society. 

Mr. Needs has clarified the advantages to be gained when de- 
signing 120-deg centrally loaded bearings of finite width, with 
reference to his special investigation of that type. 

Messrs. Tichvinsky and Baudry have again pointed out the 
important fact that deviations from optimum conditions may be 
considerable without encountering serious increase of friction. 
One must not forget, however, that by proper choice of viscosity 
of lubricant, a bearing can be made to operate under optimum 
conditions. Hence, the real criterion of design proves again to be 
the minimum film thickness that is considered permissible. 

The question of minimum film thickness is discussed by Mr. 
Karelitz who shows that the results of the author’s rigorous analy- 
sis yield approximately the same values for the examples as do 
his more approximate method. It is the belief of the author that 
the more rigorous the analysis the wider the range over which it 
may be relied upon. 

The author has purposely segregated the pressure film friction 
of journal bearings so that it may be studied separately. This 
should lead to the improvement of constructions that generate 
useless friction. Some idea of the friction wasted by a close- 
fitting cap can be obtained by means of Equation [5] in Appendix 
C of the paper. 

The work of McKee to which Karelitz refers is a valuable 
contribution to the solution of this problem of total friction in 
bearings of various widths, wholly surrounding their journals. 
Checking the figure 16 hp given by Karelitz yields a value of 
12.2 hp from McKee’s tests. Adding the influence of the cap to 
the film loss in example 1 of Appendix B of the paper yields a 
total of 11.6 hp, or 6.6 hp for the pressure film plus 5.0 hp for the 
cap. This checks very well with McKee’s 12.2 hp. The reason 
for the closeness of the figures for the film loss of 6.6 hp, and the 
cap loss of 5.0 hp, is due to the assumption that the cap angle is 
360 deg less the film angle. This ignores the influence of oil 
channels, as was done by McKee. It is probable, however, that 
the loss in such a high-speed bearing, with a suitably wide oil 
channel on each side, would be about 9 hp instead of 11.6 hp. 


The Division of Load Among Gener- 
ating Units for Minimum Cost’ 


C. Harotp Burry.? Mr. Mulligan states that “The first 
publication of the basic principles .. . . except for the simplest 
case where the input curves are all straight lines, was by F. H. 
Rogers in 1924.” This statement is somewhat of a surprise, 
because the writer has known the method described by Mr. 
Mulligan to be in use for nearly 20 years. The writer has in his 
possession prints of curves prepared by W. A. Hirt of The De- 
troit Edison Company, in June, 1919, showing the input of sev- 
eral steam turbines, the first derivative curves, and the resulting 
graphical table of load distribution for various combinations 
of units running, the operating units being run at such loads that 
the slopes of the input-output curves are equal. These particular 
blueprints have been kept merely as samples of the method, which 
in 1919 was the common practice of the Detroit company. The 


1 Published as paper FSP-57-6, by J. E. Mulligan, in the April, 
1935, issue of the A.S.M.E. Transactions. 

2 Gordon McKay Professor of Mechanical Engineering, the 
Graduate School of Engineering, Harvard University, Cambridge, 
Mass. Mem. A.S.M.E. 
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writer feels confident that expositions of the method must have 
been published earlier than 1919, but has been unable to locate 
anything earlier than the N.E.L.A. Proceedings of the 48rd 
Convention, May, 1920, where, on page 622, will be found a 
brief description of the method. 

The writer believes that those who are concerned with the 
operation of power plants and systems have long known of this 
method of apportioning Joad among diverse units, and have re- 
garded it as a useful general guide. On the other hand, the exi- 
gencies of daily operation often make strict adherence to any 
such scheme impracticable. Machines cannot profitably be 
started and stopped at short intervals. Large steam turbines 
require long warming-up periods. The need for a machine must 
be known somewhat in advance, and there must be in prospect 
a reasonably long running period to justify incurring the starting 
losses and subjecting the machine to the hazards associated with 
starting and stopping it. This, however, does not detract from 
the usefulness of the derivative method of distributing load, for, 
when it can be followed, there is no doubt that it yields the best 
attainable results. 

Mr. Mulligan bases the validity of the method upon a graphi- 
cal discussion of increments of input resulting from departures 
from the optimum load distribution. If the situation is sub- 
jected to a mathematical analysis, the proof becomes relatively 
simple, and, moreover, the seemingly anomalous behavior of 
machines with inflected input curves becomes clear. 

Let us designate the aggregate plant or system input by J, the 
nput of each unit by 2, 72, ...., 7%, and the corresponding out- 
puts by O, 01, 02,.... 4 Op: 

The aggregate system input is the sum of the inputs to the indi- 
vidual machines 
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If, through variations of load, the inputs to individual ma- 
chines change, the increment of aggregate input is the sum of 
the individual increments. Since the relation of Equation [1] 
is linear, this may be written in terms of differentials. 


d=di+di2.4+... 


Now, for each individual machine, the input is a function of 
the output of that machine, and of a number of other variables, 
such as initial steam pressure and temperature, exhaust pressure, 
water levels in head- and tailraces, and the like. Let these other 
variables be designated by z, y,... Then, for any single unit, 
the differential of input is 
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But, for the purpose of studying the distribution of load for mini- 
mum aggregate input, it is properly assumed that the variables 
other than output are unchanging. Obviously, if exhaust pres- 
sure or hydraulic head is to vary, the plant input will vary en- 
tirely apart from any considerations of load distribution. Such 
variations must be ruled out for the purposes of this study. If 
this be done, the differentials dz, dy, . . . all become identically 
zero, and Equation [3] reduces to 


Substitution of values typified by Equation [4] in Equation 
[2] gives 
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For the optimum distribution, the aggregate plant input J has 
a stationary value, that is, its differential must vanish, or 


5 at = 0 = dn + Sdn +. 
ia) 001 

In addition to this, we have another restriction. The problem 
is to find the optimum distribution of a given aggregate output. 
In other words, the aggregate output O which is the sum of the 
individual unit outputs is to be constant. That is 


dO =0 =do, + do+... 


Equations [6] and [7] must both hold true for any set of values 
of the differentials do,, doo, . . . . do,, all but one of which are inde- 


pendent, and may be assigned any desired value. The neces- 
sary and sufficient condition for this is 
on Ot: ot, 
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Equation [8] states the condition under which the aggregate 
plant or system input will have a stationary value with respect 
to small variations in distribution. But this does not tell us 
whether this value will be a minimum or a maximum. Further 
‘eriteria are needed to determine this question. 

) As in the case of a simple.curve, the distinction between a 
maximum and a minimum is stated in terms of the second deriva- 
tive. Ifthesecond derivative is positive, the point is a minimum; 
if it is negative, the point is a maximum. 

In the present case, we are dealing with a quantity that depends 
upon numerous variables, and accordingly there are numerous 
second derivatives. The complete analysis of the situation is 
too extensive to give here, but a statement of the results can be 
made fairly concisely. 

If the second derivatives of the individual unit input curves 
are all positive, then the distribution corresponding to Equa- 
tion [8] provides a minimum value of the aggregate plant or 
system input. 

If, on the other hand, some of the individual units have input 
curves with negative second derivatives, that is, input curves 
that are convex upward, then the relative magnitude of the 
positive and negative second derivatives may be such that the 
' distribution set by Equation [8] provides a maximum plant or 
aggregate input. In the case of two units, the situation is 
simple. If both second derivatives are negative, or if one of 
them is negative and the other positive but smaller (so that their 
sum is negative), then the distribution for equal first derivatives 
will correspond with a maximum aggregate plant input, rather 
‘than with the minimum that we seek. This is the case discussed 
by Mr. Mulligan for inflected input curves. Beyond the point 
of inflection, both curves have a negative second derivative. 

For the case of more than two units, the situation becomes too 
complex for brief statement. Involved relationships among the 
signs and magnitudes of all the possible second derivatives de- 
termine whether the distribution satisfying Equation [8] corre- 
sponds with a maximum, or a minimum, or is something analo- 
gous to the point in a saddle where the tangent plane is horizon- 
tal, but corresponds to neither maximum nor minimum.* 

_ Mr. Mulligan has done good service in bringing this question 
once more to the fore, and in drawing attention to the necessity 

of considering the possibility of input-output curves that are 

convex upward. So far as the writer knows, this is a point that 

heretofore has not been discussed. 

3 “Advanced Calculus,” by William F. Osgood, The Macmillan 
Company, New York, N. Y., 1929, p. 178; and ‘‘Lectures on the 


Theory of Functions of Real’ Variables,” by James Pierpont, Ginn 
and Company, New York, N. Y., 1905, vol. 1, p. 326. 
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M. J. Srermvserc.‘ It is generally recognized that correct 
load division is an important factor influencing the economic 
generation and transmission of electric energy. It is also gen- 
erally recognized that correct load division can be obtained only 
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4 Assistant Engineer, Operating Department, Brooklyn Edison 
Company, Inc., New York, N. Y. 
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by the proper application of incremental rates. Since this subject 
is treated in Mr. Mulligan’s paper from a purely theoretical 
point of view, a discussion of some of the practical aspects of the 
problem should be of interest. 

The academic solution of load division problems cannot be 
justified at all times. This condition arises frequently in the 
turbine room in connection with load division among steam-tur- 
bine generators with characteristics similar to those illustrated 
by Fig. 6 of the paper. The curves shown in this figure are 
typical for modern multivalved steam turbines. At each load 
corresponding to maximum opening of a valve, there is a dis- 
continuity in the incremental heat-rate curve followed by a sharp 
decrease in value over a relatively small range in load. Because 
of this latter characteristic, the proper division of load cannot 
be determined solely on the basis of the respective incremental 
heat rate curves. 

By way of illustration and to permit a more detailed analysis 
of the procedure outlined in the paper, consider the curves of 
Figs. 1 and 2 of this discussion, which represent the performance 
characteristics of two units of the type under discussion. For 
any combined load between 80 and 150 megawatts, the proper 
division of load can be directly determined from the incremental 
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heat, rate curves of the writer’s Fig. 1. For loads in excess of 
150 megawatts, it becomes necessary to use the curves of Fig. 2 
of this discussion. These show for each unit, the average incre- 
mental heat rate at which an increment of load in excess of any 
valve load can be supplied. If the division of load in the range 
from 150 to 180 megawatts be considered, then from the curves 
of Fig. 2A, it is seen that unit A should be operated at its valve 
load of 60 megawatts while unit B supplies the balance of load 
up to a combined load of 156.2 megawatts. If the combined 
load exceeds 156.2 megawatts, the load on unit B is first reduced 
to 90 megawatts, its valve load, and the balance supplied by 
unit A. Thus, the intersection of the two curves of Fig. 2A indi- 
cates, theoretically at least, the need of shifting load from unit 
B to unit A when the total load increases from 150 to a value in 
excess of 156.2 megawatts. Similar procedure is necessary in 
the other ranges of load, and for the two machines under discus- 
sion it was necessary to establish four sets of curves to determine 
the correct load division over the entire range of load. An exact 
solution, when more than two units of this type are involved, 
requires an excessive amount of time and labor which, experience 
has shown, may be considerably reduced without introducing 
more than a negligible error, by the use of average incremental 
rates. These are established by dividing the difference in suc- 
cessive inputs corresponding to the valve loads, by the corre- 
sponding differences in output. Thus, if the loads at which the 
valves are fully open and the corresponding inputs are known, 
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it becomes a relatively simple matter to calculate the average 
incremental rates and what is more important, determine the 
division of load without recourse to curves similar to those of 
Figs. 1 and 2 of this discussion. 

A comparison between the two methods is illustrated by the 
writer’s Fig. 3. The crosshatched areas correspond approxi- 
mately to the ranges of load in which the discontinuities and the 
sharply decreasing values of the incremental rate curves occur, 
and represent but a very small portion of the entire range of 
load. The maximum per cent increase in input due to the varia- 
tion in loading is indicated for each area, and it is obvious that 
they are of negligible magnitudes and well within the accuracy 
with which turbine-generator heat rate curves can normally be 
established. 


In the case of steam-generating stations, load division in the . 
turbine room represents but one phase of the problem. The © 


boiler room must also be considered, the ultimate object being 
to establish the incremental rate curves for the station so as to 
permit the proper allocation of load among several stations. 
The academic solution as outlined in the paper, if not impos- 
sible, is surmounted by so many difficulties that it can rarely, 


if ever, be justified. Consider the curves of Fig. 4 of this dis- | 


cussion in which a comparison is shown between the actual and 
average incremental rate curves for the combined operation of 
the two units under discussion. 
equipped with turbines of this type, it should not take a great 


deal of imagination to visualize what an academic solution of the | 


problem involves. 


The paper also presents a criteria for dividing a load, which 


varies uniformly with time, among several generators, some which 
may be operating at fixed throttle or constant output during the 
period of uniformly increasing or decreasing load. The author 
recommends the use of an average input-output curve for the 
unit or units that absorb the variation in the system load, repre- 
sented in Fig. 7 of the paper as Jo. 
tion the author has used input-output curves whose respective 
incremental rate curves are smooth, continuous and with incre- 
mental values that never decrease with increase in output. 
Curves of this type are characteristic of hydroelectric units; in 
the case of steam-turbine generators it is more likely that the 
incremental curves will be similar to those shown in Fig. 1 of 
this discussion or consist of a series of horizontal, step-like straight 
lines. The most economical load division among turbine-gen- 
erators characterized by either or both of the latter, is obtained 
only when all but one unit are operating at fixed throttle or con- 
stant output, while the single unit absorbs any change in the 
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otalload. Thus, in Fig. 3 of this discussion it will be noted that 

4s the combined load increases, one of the two machines operates 

\t a valve load, while the other supplies the increase in load, and 

‘his is true whether the load division is based on either the actual 

or average incremental rates. The use of average input-output 

surves when machines of these types only are involved, is obvi- 
usly unwarranted. 

It is recognized that in every system there probably exists 
‘quipment of early design and relatively low efficiency which is 
ised for emergency or standby service under system peak-load 
onditions. Among steam-turbine generators under this classi- 
ication there may be a limited number whose incremental curves 
rave the characteristics of the curves shown in Fig. 7 of the paper. 
{hese units, when operating in conjunction with prime equip- 
nent, are usually maintained at some predetermined minimum 
Ditput, irrespective of the variation of the total system load. 
‘They are seldom, if ever, used as regulating units so that under 
these conditions there is no need for the application of average 
‘nput-output curves. 

, Notwithstanding the foregoing, an attempt was made to de- 
tive the average curve from an actual input-output curve. 
When the usual graphical methods were employed, it was found 
what the differences were too small to be capable of graphical 
‘letermination. An equation was therefore fitted to the input- 
Witput curve and the differences computed mathematically. 
The differences between the two curves are shown in Fig. 5 
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Input-output curve data: J = A+ B+ CL? + DL’ + EL‘ = turbine in- 
‘sut, million Btu per hr; LZ = generator load, megawatts; = 155; B= 
; C = 0.04; D = — 170.7 X 107§; and H = 1.49 X 10-°.) 


of this discussion. The input differences are a function of the 
survature of the input-output curve and the magnitude of the 
oad intervals for which the averages are obtained. On the basis 
of the analysis shown in Fig. 5, it is believed, that even in the 
sase of hydroelectric units, there is a very limited field in which 
the application of the recommended average curve can be justi- 
ied. 

Another important factor which eliminates the need of using 
“average input-output curves, is the fact that it is customary for 
station operators to be supplied with loading schedules which they 
‘are required to follow in loading the individual units. 

Although the loads of all units cannot be adjusted continuously 
“1s the total load changes, adjustments can be made frequently 
‘snough so that any loss in efficiency from the failure to follow 
che schedules becomes a negligible quantity. 

In conclusion, the author is to be congratulated for the manner 
‘n which the fundamental principles of load division have been 
oresented. The use of graphical instead of mathematical analy- 
sis has been helpful in clarifying the subject matter. The appli- 
sation of incremental rates has been general in the field of power 
neration and transmission and they have been in use over a suf- 
ficiently long period to permit some interesting operating experi- 
ence. It is believed that a meeting could be profitably devoted 
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to a discussion of the practical aspects of the problem of load 
division, and it is hoped that this will be provided for in the near 
future. 


L. J. Levert.’ Mr. Mulligan admits that not all is well with 
increment rates. _On many occasions he resorts to the use of 
total-input-output curves, due to theoretical limitations of in- 
crement rate curves. We, who have to operate the system, 
have to consider practical limitations as well. This fact 
makes us depend on the total-input-output curves even to a 
greater extent. Actually, we determine the most important points 
through the use of total-input-output curves and then fill in the 
space between with the assistance of increment rates. Even the 
use of total-input-output curves in preference to increment rates 
is no assurance that the most economical operation will result. 

Yor the purpose of illustration, let us assume that we have a 
system where all equipment, including boilers and turbines, can 
be “plugged in and out” with the rapidity and ease of a telephone 
connection. The system used in this illustration consists of four 
100,000, four 50,000, and four 25,000-kw units. The figures used 
for computing the heat consumption were based on the actual 
operating performance of the existing units. 

The solid line in Fig. 6 of this discussion shows the operating 
sequence indicated for the use of input-output curves. The 
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dotted line indicates the sequence which would be followed in 
practice. Paradoxical as it may seem, the best theoretical opera- 
tion will result in a loss of $50 per day in the heat consumption 
alone. This loss is due to the fact that more frequent starts in 
the theoretical scheme of operation will more than offset a slight 
increment saving. 

In addition to the fuel loss, there will be an increase in main- 
tenance due to more frequent starting and stopping of the units. 
This loss is very difficult to evaluate quantitatively. 


5 Economy Engineer, The New York Edison Company, Inc., 
New York, N. Y. Mem. A.S.M.E. 
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During the periods when there is a rapid change of load which 
requires putting on a large number of units within a compara- 
tively short time, the operating personnel will be unable to handle 
the theoretical starting sequence without increase in the operat- 
ing force. For example, let us assume that we know that four 
units in station A and four units in station B must be started 
within an hour’s time, and also that the units in station A are 
all more efficient than those in station B, and consequently, all 
four units in station A should be started first. With a limited 
personnel, it is more practical to start up the units in station A 
and B simultaneously, so as to allow an interval of time between 
starts at each station. Because of the short duration of such pe- 
riods, the money loss in heat consumption is not great enough to 
justify adding to the personnel. 

In comparing the actual station loads with the loads indi- 
cated by the loading schedule, we are interested only in the 
amount of money lost, due to such a departure, rather than the 
difference in kilowatts. Very often, the convenience of operation 
will justify a departure in loading, which, on its face, appears 
to be large, but upon analysis shows a small money loss. 

The criterion of any operating arrangement is the least pro- 
duction cost per kilowatts, all things considered, which is con- 
sistent with the system’s standards of safety and service. In- 
crement rates and total-input-output curves are nothing but tools 
and like all tools, if not properly used, may have an adverse 
effect on the system’s economy. 


L. J. Parsons.6 Mr. Mulligan is to be congratulated on his 
analysis of the problems affecting load division among units. His 
consideration of the relation between varying load on the fre- 
quency-regulating units and those units which operate at fixed 
throttle is correct if the assumption that a curve of load against 
time is a straight line for a definite load range is true. In a great 
many systems the load swings are neither consistent nor uniform. 
A steam system may be interconnected with a hydro system, which 
in turn, is connected with other steam and hydro systems which 
produce swings that are reflected through the entire intercon- 
nection, and vary in acceleration and amount over the entire day. 
The degree of accuracy obtained and the economy involved when 
working with an average curve, as suggested by the author, is 
not of great importance, particularly at this time, when the 
swings are not consistent nor uniform. ; 


6 Assistant Engineer, The New York Edison Company, 
New York, N. Y. Mem. A.S.M.E. 


Inc., 
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In a system with a number of frequency-regulating units, the 
relative sluggishness of the governors is also an important factor 
in determining the nature and variation of the swings on the 
turbogenerators. Until there is an improvement in governor 
design, and a better coordination of its sensitivity with the auto- 
matic frequency regulator, the problem should be approached with 
caution. There is also a great deal to be done in the matter of 
regulating frequency between systems which adds to the dif- 
ficulty. 

Fig. 7 of this discussion is an appended curve which shows the 
variation in load on three major stations of a large steam system. 
This system is connected with a large hydro system by two ties 
which have a total capacity equivalent to the capacity of the 
largest unit in the steam system. The curve marked station A, — 
with the most severe fluctuations, is the frequency-regulating 
station of the system. It has an automatic frequency regulator 
installed on its largest unit. Although a great deal of improve- 
ment has been made since, through the installation of load-bias 
control on some of the smaller systems connected with the hydro 
system, nonuniform fluctuating loads are still a big factor. In 
Fig. 7, the curves for the hydro unit and frequency-regulating 
station, A, B, and C represent load; the remaining curve repre- 
sents line-frequency variations. 

An automatic frequency regulator which is connected to one 
turbogenerator is generally set for a definite load range and in- 
stantaneous frequency variation, in order that the change in load 
may conform to the pick-up characteristics of the boilers in the 
various stations. There is also a certain phase-angle relation 
between busses of a station and other stations in a large system, 
which will prevent the distribution of load in accordance with 
the principles of heat economy. All these limitations do not 
warrant the use of the incremental curve established from the 
average input-output curve. 

One large system has installed an automatic program-load 
device which controls the load division of several turbines accord- 
ing to a prearranged economy schedule, but it is doubtful even if 
this scheme can approach the ideal of a direct relation between 
time and load. However, such a scheme may not be practicable 
for another system where the nature of the load, frequency re- 
quirements, and load swings are different. 


S. Logan Kurr.7 


7 Research Engineer, I. P. Morris Division, Baldwin-Southwark 
Corp., Philadelphia, Pa. Mem. A.S.M.E. 
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opinions expressed in regard to the practical application of the 
theory advanced in Mr. Mulligan’s paper. The limitations in 
such a theory are, however, not insurmountable and with 
_ education of the dispatching personnel, careful engineering of 
/ systems, and the coordination of generating plants of different 
types, it is possible to effect many economies that otherwise 
would be lost. 

The broad principle of economic load division has been known 
_ and used for many years, but it has been assumed that the unit 
characteristics have been similar or that they follow smooth 
- curves or straight lines. The work of F. H. Rogers and L. F. 

Moody in 1925, referred to by Mr. Mulligan, was the first analysis 

published on the subject which considered the complex factors 
and which dealt at length with the question of points of inflection 
- of discontinuities in the characteristic curves. This was a dis- 
_ tinct advance in the theory, and showed that these variations 
. in characteristics could not be ignored. 

Several outstanding examples of the successful application of 
these principles can be cited. One of the first operating com- 
- panies to apply rigid loading schedules to its plant was the Penn- 
‘ sylvania Water & Power Company at the Holtwood hydroelectric 
plant. The Philadelphia Electric Company has followed these 

principles carefully in the operation of their steam plants and 
recently in the operation of the combination of steam and hydro- 
| jelectric units. The Connecticut Valley Power Exchange under 
_ the guidance of Mr. Mayott furnishes a splendid example of the 
economic coordination of many systems and various types of 
- prime movers. 

The enforcement of rigid operating schedules is often im- 
possible of achievement due to the difficulty of maintaining 
constant supervision of operating personnel, and the clerical 
work necessary to check operating economy in many plants of 
small capacity. The use of automatic devices to distribute load 
according to the schedule for maximum economy has overcome 
' many of the handicaps of manually operated stations, and in 
several cases has shown amazing improvements in overall oper- 
ating efficiency. The sponsorship of this work by A. C. Clogher 
of the Electric Bond and Share Company has resulted in the use 
of this equipment in the plants of several of their operating 
companies, and with decided benefits in the reduction of operat- 
ing losses. 

It is interesting to note the experience of one or two plants. 
At the Norwood hydroelectric development of the Carolina 
Power and Light Company, the operating efficiency with manual 
- control was in the neighborhood of 90 per cent. With constant 
supervision this could be increased to 94 or 95 per cent, while 
with automatic equipment it was rarely less than 97 per cent 
and usually on the order of 99 per cent. A recent analysis of 
three major hydroelectric plants in Sweden, undertaken by Elov 
Englesson of Kristinehamn, showed operating efficiencies of 
94.5 per cent, 98.5 per cent, and 91.0 per cent, all of them being 
operated manually. The operating efficiency in these cases is 
the ratio of the actual kilowatthours generated to the possible 
kilowatthours that could have been generated from the same 
water or fuel at the same load factor. 

In making analyses of characteristic curves, the writer has used 
the same data and essentially the same methods as described by 

Mr. Mulligan, but has preferred to use input as the abscissas and 
the first differential autput with respect to input as the ordinates. 
This arrangement results in having the area under the deriva- 
tive curves represent output, and hence it is quite easy to pick out 
the arrangement giving the maximum area which, of necessity, 
_ gives the maximum output for a given input. 


| 


8 “Automatic Operator a Success,” by F. M. Nash, Electrical 


World, August 25, 1930. 


AvTHOR’s CLOSURE 


The author appreciates Professor Berry’s correction of his 
statement concerning the date of the first publication of the basic 
principles of load division. 

Most of the discussion deals with the practical application of 
the principles of load division and is a valuable supplement to 
the paper, which aims only to extend the theory. 


Application of the Elastic-Point 
Theory to Piping Stress 
Calculations’ 


E. C. Perriz.2. The authors have presented a solution of the 
problem of determining stresses and reactions in piping which 
has simplified to a large extent the work involved in calculating 
the values. The neutral-point theory is somewhat difficult to 
follow through, however, for the average engineer designing piping 
systems who wishes to eliminate as much as possible any opera- 
tion which involves a knowledge of higher mathematics or 
mechanics. 
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A statically indeterminate system of piping, that is, one lying 
in a single plane, has three unknown quantities at each of its 
terminal points. These quantities are the forces and restraining 
moments caused by the expansion of piping restrained fully at 
its end points. The authors have given the fundamental for- 
mulas for any one-plane piping system, which the writer has 
rewritten in a slightly different form, as 


Alan (BES PEE) (A. oe Ste cca os 5 ik [1] 
Ma ADR OF IFT A)/O g2,02.. 2522. [2] 
Manas (HEE DE BEA) [Bor Ga cick [3] 


where M, is the restraining moment at 1, Fig. 1 of this discussion; 
F., is the horizontal force; Fy, is the vertical force; E is the 
modulus of elasticity; J is the moment of inertia; A, is the 
deflection along the X-axis; A, is the deflection along the Y-axis; 
and A, B, C, D, G, and H are the integration constants. 

A one-plane piping system similar to those illustrated by the 
authors is shown in Fig. 1 of this discussion with the values of the 
integration constants which apply to this particular type of 
piping layout. The algebraic expressions for these integration 
constants are 


A =I,+i.+i4+hi+L; 
(Le?/2) + Lolis + Lely — (Lu?/2) + Lebs — Leh 


(L12/2) + nly + Lily + (Ls?/2) + Lily + Isla + Lids 
+ Isls + (Ls*/2) 


Q 
Il 


1 Published as paper FSP-57-10, by S. W. Spielvogel and S. 
Kameros, in the May, 1935, issue of the A.S.M.E. Transactions. 

2 Engineer, Product Engineering Department, Crane Company, 
Chicago, Ill. 
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D = BLy + Le [(Ls?/2) + Lala + LsLs + (Ls?/2) ] — Ls [(L?/2) 
+ Lbs] — La(Ls?/2) 

G = Ly ((L:2/3) + TnL, + LyLs + Ls? + Inks + 2L3L4 + DL, 


+ 2D3Ls5 + Ls?] + Ls [(Ls?/38) + Lsbs + L3Ls + Ls?) 
+ (L;3/3) 


H — Le [(L2?/3) + LoL + LoL, = Le? + LoLs al 2L4L;) 
+ L4[(Le2/3) + LsLs) 


By means of these constants and formulas [1], [2], and [3] 
of this discussion, any piping system of the type shown in the 
writer’s Fig. 1 can be analyzed completely by a purely mathe- 
matical solution which can be followed through by any engineer 
who knows the fundamentals of arithmetic. 

For simplicity of comparison, the writer will use the same ex- 
ample used by the authors, the conditions of which are given by 
the authors for the pipe line shown in Fig. 4 of the paper. For 
this problem, J = 37 in.t; HE = 25.5 X 108 lb per sqin.; A, = 
(6.14/100) X 60 = 3.684 in.; A, = (6.14/100) <X (—12) = 
—0.737 in.; and the diameter of the pipe = 6.625 in. 

The values of L, = 12 ft, Lz = 18 ft, L; = 20 ft, Ly = 30 ft, 
and L; = 28 ft, obtained from the authors’ Fig. 4 and substi- 
tuted in the equations for the writer’s integration constants 
give: A = 108; B = 276; C = 2976; D = —2712; G = 
105,312; and H = 14,976. 

The substitution of the values of the integration constants into 
formulas [1], [2], and [8] of this discussion gives 

For formula [1] 


M, = (276F, + 2976F,)/108 = 2.556F, + 27.556F, 
For formula [2] 


My = [—2712F, + 105,312F, — (25.5 X 108 X 37 
X 0.7378) /1728]/2976 


—O0.911F, + 35.39F, — 135.2 
For formula [3] 
My = [(14,976F,, — 2712F,, — (25.5 X 10° X 37 
X 3.684) /1728 ]/276 


= 54.26F,, — 9.83F,, — 7288 
Solving these formulas for F, and F,, we obtain 
My = 2.556F,, + 27.556F, 


—0.:911F, + 35.397, — 135.2) 


3.467F, — 7.834F, + 135.2 
F, = 2.26F, — 39 


| 
s 
] 
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Mo = 2.556F,, + 27.556F, 
—(My = 54.26F, — 9.83F,, — 7288) 
0 = —51.704F, + 37.386F, + 7288 


F, = 0.723F, + 140.9 


2.26F, — 39 
= 0.723F, + 140.9) 


| 
By 
1 tt 


0 = 1.537F, — 179.9 
F, = 117.12 lb 
F, = 264.65 — 39 = 225.65 Ib 


From the values of the reacting forces thus obtained, the re- 
straining and bending moments can be determined. The re- 
straining moment at 0, and the bending moments at points 1 to 
6, inclusive, of Fig. 1 of this discussion, which correspond to 
points A to F, inclusive, in Fig. 4 of the paper, are 
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Restraining moment My at 1 = 3804 ft-lb 

Bending moment at 2 = 3804 — (F, X Lx) = 2398 ft-lb 

Bending moment at 3 = 3804 — (F, X L,) — (F, X lh) = 
—1663 ft-lb 

Bending moment at 4 = 3804 — F,(I1 + Ls) — (F, xX In) = 
—4006 ft-lb 

Bending moment at 5 = 3804 — Bins eis) pe F (IL, — In) 
= 2764 ft-lb 

Bending moment at 6 = 3804— F,(i + Ls + Ls) — F, 
(L, — Ls) = —516 ft-lb 


In conclusion, the writer believes that the method herein 
discussed for determining the reacting forces and moments in a 
one-plane piping system has the following advantages: (1) Inte- 
gration constants can be determined for any type of piping layout 
or pipe bend; (2) the method of solving the problem is purely 
mathematical and requires no graphical layouts; (3) the values 
can be determined accurately and checked with the same accu- 
racy; and (4) slide-rule calculations will not cause a material 
difference in the result. 


G. A. Henprickson.? The case of a two-ended, one-plane pipe 
structure with fixed ends, straight elements, and constant cross 
section has been completely covered by the authors. It might 
be of interest, however, to note that by redefining some of the 
terms appearing in Equations [2], [6], and [7], and in several 
of the unnumbered equations, it is possible to treat three special 
cases of frequent occurrence, namely, lines with varying cross 
section, lines with elastic supports, and lines with quarter bends, 
U-bends, or other radius bends which involve the flattening of 
curved pipe. : 

These cases require that the center of the coordinates O of 
Figs. 2, 3, 4, and 5 of the paper be placed at the centroid of elastic 
weight, where the elastic weight W is defined by the relation 


dw = ds/KEI 


The constant K for straight pipe elements and elastic supports 
is unity. For an approximate treatment of radius bends, K may 
be determined in accordance with the methods given in the 
references of the authors’ bibliography. 

With this change in coordinates the various moments and 
products of inertia should be redefined as follows 


I'y = S xidw 
I',y = S  cydw 
I',, = S ydw 
Equation [6] of the paper then becomes 
I'yy = I',, — 21, tan a + I, tan? @ 
Equations [7] then become 
X, = Ax/UI'n cos a); Y= Ay/l; 
and Equation [2] retains the same form 
tance — le las 


Considering now the case of a pipe structure with elastic 
supports, it is readily appreciated that the solution for this prob- 
lem is given when the elastic weight of the supports is included in 
the determination of the center of coordinates and in the moments 
and products of inertia of elastic weight. The expansions Ar 


3 Engineer, The Detroit Edison Company, Detroit, Mich. Mem. 
A.S.M.E. 
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ad Ay of Equations [7] are determined from the authors’ 
quations [4] and [5] unchanged. These additions, which intro- 
ce no complications into the working of the method, make 
ossible a treatment of the three special cases mentioned pre- 
jously in this discussion. 

For consistency in nomenclature in the authors’ Equations 
3], [9], and [10], it appears that Equations [1] of the paper 
ight be rewritten as 


. Xion + Yidw + M dim = Ary 

Nid 2 Vid, EM 8) = Ay 

teeter Vo ea ice" O 
Equation. [8] then becomes 

dim = JS mm (ds/KEI) = cosa f yidw = 0 

_ Equation [9] becomes 
) in = J mm (ds/KEI) = JS rdw =0 
ad Equation [10] becomes 


y = in = S mm, (ds/KEI) = cos a S° ty: (ds/KED) 
=cosa f rydw 


These comments regarding derivation of equations are offered 
ith a view to making that section of the paper easier to follow. 

This paper presents a method which can be easily applied to 
ae most complex one-plane structures having two ends. So far 
3 the writer is aware no solution of a pipe structure with three 
+ more ends has been published. Further, only a small part 
* the problems in piping design involves lines limited to one 
lane and having two ends without intermediate branch connec- 
ons. 

Although exact solutions based on simple beam theory are 
jssible for three-dimensional problems and structures with three 
= more ends, the most convenient methods resort to approxi- 
ations. There is need for an exact solution which embodies 
} 1 of the simplifications possible in the specialized field of piping. 

is to be hoped that some one will undertake to solve these 
~oblems for presentation to the Society in the near future. 


_D. B. Rossuerm! anp A. R. C. Marxku.° The elastic-point 
aeory described by the authors differs in two fundamental re- 
»ects from the one presented by W. H. Shipman in a paper® 
fore the Society in which three simultaneous equations with 
“x coefficients, set up for the one-plane pipe bend with fixed 
‘ads, were referred to a rectangular system of coordinates with 
ne origin at one end of the pipeline. In the paper under discus- 
»on, the origin of the system of coordinates is located at the center 
' gravity of the pipe line, and the system itself is no longer 
-ctangular. The relocation of the origin of the system of co- 

‘dinates, suggested in an article’ by R. H. Tingey, is advanta- 
sous in that it reduces the number of coefficients to three, and the 
(uation involving the rotations disappears. 

The introduction of the conjugate axis further reduces the 
amber of coefficients to two, and results in simple expressions 
ir the reactions. This, no doubt, entails a considerable saving 
- work in the calculation of an arch where a number of different 


4 Mechanical Engineer, The M. W. Kellogg Company, New York, 
oy. 

5 Tbid. 
6 “Design of Steam Piping to Care for Expansion,” by W. H. Ship- 
van, Trans. A.S.M.E., vol. 51, part 1, 1929, paper FSP-51-52, pp. 
| 5-446. 

7 “Method of Calculating Thermal Expansion Stresses in Piping,” 
7R.H. Tingey, Marine Engineering and Shipping Age, vol. 39, no. 4, 
pril, 1934. 
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loading cases are involved, but this, in the opinion of the writers, 
offers no advantage in the case of pipe lines where only one type 
of loading is applied, i.e., thermal expansion. 

These considerations have led the writers to retain the rectangu- 
lar system of coordinates in their standard method of solving 
pipe-line problems, and to locate the origin at the virtual center 
of gravity of the pipe line. For any one-plane problem, this 
results in the following expressions for the reactions: 


if / 
Xe — EI x yy At ae Le SM) 


Lelie ay 

TEN 
Vea eel 

el oa Oe 


Applying these formulas to the example given in the paper 
and utilizing the authors’ values of J,,, J,,, and I,,, we obtain 


= 25.5 X 108 X 37 6.14 
144 12 X 100 

23,306.667 X 60 + 10,317.333 X 12 ee 

14,270.667 X 23,306.667 — 10,317.333? mc 
25.5 X 10° X 37 6.14 
144 12 X 100 
10,317.333 X 60 + 14,270.667 X 12 
2 ZS Bele as = 117.10 


14,270.667 X 23,306.667 — 10,317.333? 


It is seen that steps 3, 4, 5,and6 of the authors’ method are 
eliminated. The bending moments are obtained in the same 
way as shown in the paper. 

The principal labor involved in applying these formulas consists 
in the evaluation of I,,, I,,, and I,,, especially where radii 
introduce the additional influence of the flexibility factor. To 
facilitate and expedite the solution of problems, these values can 
be worked out in general terms for a number of layouts to cover 
every probable case, thus reducing the solutions to a routine 


* suitable for the drafting room. 


A. E. BR. pg Joncze.® The method of calculating the end re- 
actions of statically indeterminate pipe lines, subjected to heat 
expansion, by means of the “elastic center” is, in essence, the ana- 
lytical equivalent of the method which uses the ellipse of elas- 
ticity for this purpose. As far as is known to the writer, the 
method of the “elastic center” was discovered around 1870 by 
Prof. K. Culmann,? Zurich, by the use of the ellipse of elasticity. 
Only much later did analytically minded engineers transform 
Culmann’s graphical solution into an analytical solution and it 
appears that this was first done by Professor Miiller-Breslau, 
Berlin, who gave the derivation which is now commonly used 
by structural engineers. 

The authors have followed rather closely this latter method 
and have derived the basic formulas by the work equation 
(principle of virtual work). Unfortunately, the authors have 
omitted to give a list of notations, so that it is left to the reader 
to find out for himself, by reference to the formulas, what the 
various symbols mean. 

This leads to confusion, for instance, where ¢,, 18 cited to be 
an angular displacement which, according to Maxwell’s law, 
must be equal to 5,, i-e., to a linear displacement. Yet, this 
discrepancy is only apparent, and could have been avoided by a 
more careful explanation. On the whole, however, the deriva- 
tions seem to be correct. 


8 Babcock & Wilcox Company, New York, N.Y. Mem. A.S.M.E. 
8 “Die Graphische Statik,” by K. Culmann, second edition, 1875, 


pp. 399 et seq. 
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Whether or not the authors can claim the discovery of the 
transfer formula is a matter of opinion because the ‘‘transforma- 
tion” formula is the usual one employed for deriving the moments 
of inertia of systems for inclined axes, when those for other 
axes are given. Professor Culmann!? who was the originator of 
the theory of the “elastic center” was also the first to use this 
transformation formula. However, he used it in a general form 
applicable to any system of coordinates, while the authors have 
taken this formula and applied it to the special case of rectangular 
coordinates. 

The authors claim simplicity, time saving, and elimination of 
sources of error for the method they have presented, but, in 
respect to the last item, their admission is of interest that slide- 
rule accuracy is insufficient and that one set of solutions frequently 
fails to satisfy the equations because an insufficient number of 
significant figures has been used. This fact has recently been 
verified by the writer in the case of a pipe line having great 
length compared with the lateral dimensions. Five-place 
logarithm tables did not give accurate values and six decimal 
places behind the decimal point of all linear dimensions had to 
be used at all times in order to arrive at a correct result. This 
fact makes the calculations for the evaluation of the integrals 
by the method presented by the authors very cumbersome and 
tedious, even when a calculating machine is used. 

The statement is made in the paper that the moments at 
points between the two supports are ‘materially affected by 
slight changes in the values of the end reaction.’”” The writer 
finds himself unable to agree with this statement as it is rather 
the moments of inertia and the products moment of the pipe 
line as a whole which considerably influence both the force of 
reaction and the moments between the supports by influencing 
the angle a of the inclined axis. For this reason, the greatest 
accuracy has to be exercised in the calculation of these moments 
of inertia and particularly of the products moment. The latter, 
especially, is a source of trouble in so far as the positive and 
negative components often have values of nearly the same order 
of magnitude. 
a large number of significant figures has to be used in order to 
obtain even a moderate degree of accuracy. This is a serious 
drawback to the use of this method. 

There exists still another difficulty which complicates matters. 
For pipe lines which have great length compared with the lateral 
dimensions, the angle a of the inclined axis becomes very small, 
asa rule less than 5 deg. In that case the ordinary interpolation 
gives quite wrong results and more complex interpolation for- 
mulas have to be used in order to obtain fair accuracy, particu- 
larly when the angle falls below 3 deg. These are serious draw- 
backs which are inherent in the method described by the authors. 

It is not quite clear to the writer why the authors use the terms 
“elastic point” and “neutral point,’ when “elastic center” is the 
standard accepted term. This point is the center of the “elastic 
weights” of the system and its proper designation is, therefore, 
“elastic center,’ a term which the authors, by the way, have 
also used. In order to avoid further confusion it appears advis- 
able to adhere to the term “elastic center’? and abandon the 
others used by the authors. 

Attention to the use of the theory of the “‘elastic center” for 


10 ‘Die Graphische Statik,”” by K. Culmann, second edition, 1875, 
p. 400. 


However, since it is their difference that counts, , 
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the calculation of pipe lines has already been drawn, in 1930, by 
A. A. Bato as well as by the writer in their discussion of a paper 
by Messrs. S. Crocker and A. McCutchan" in which the authors 
used for the calculation of the reactions in pipe lines, due te 
heat expansion, a method which they called the “graphoanalyti- 
cal’ method. Both Mr. Bato as well as the writer stated at 
the time that the question of plane pipe lines can be dealt with 
much easier by using the ‘‘elastic center” of the pipe line as a 
whole, a method well known to structural engineers and usec 
by them for decades for the calculation of arched girders. The 
writer had stated further that the solution of this problem is 
most readily accomplished by using the theory of the ellipse o3 
elasticity!2 to which he had already drawn attention in 1928. 


AuTHOR’S CLOSURE 


The authors, in presenting a new method of calculating piping 
problems, laid no claims to originating a new theory and indeed 
referred to an exhaustive essay on this theory in the bibliography 
of their paper. In view of the fact that general statements of 
possible methods of procedure, such as appear in the discussions 
to several other A.S.M.E. papers on this subject, are of little help 
to the engineer, who may have neither the time nor the inclination 
to engage in theoretical research, the authors went to the root of 
the problem and presented another method; thus enabling the 
engineer to check his calculations by means of dissimilar processes. 

The paper points out, and some of the discussion is in agree- 
ment, that in certain instances a very slight deviation in calcu- 
lated end reactions is sufficient to cause serious discrepancies in 
the calculation of bending moments. Under these circumstances 
it is not worth while to presume that results within the desired 
degree of accuracy can be obtained by graphical methods, particu- 
larly by one requiring the construction of an ellipse. Results so 
obtained can at best be only approximate, and should only be used 
for preliminary design, the final design being based upon the 
results of analytical calculations. 

Mr. Hendrickson’s suggestion, that by redefining some of the 
terms the method may be broadened to include special piping 
problems, is an excellent one. The authors have not studied this 
phase of the subject closely, but it is evident that where the de- 
flections of a pipe line due to its being suspended with spring 
hangers is known, the method can be applied by using the cen- 
troid of elastic weight rather than the static centroid. 

Mr. Petrie’s contribution to the discussion is another way of 
solving the equations given by W. H. Shipman.® It is apparent 
that the coefficients A, B, C, D, G, and H must be computed for 
each pipe line. This can be done by applying the integrated 
formulas given by Mr. Shipman in his paper. In addition there 
remains the problem of solving three simultaneous equations. 

The authors are acquainted with the equations given by Messrs. 
Rossheim and Markl. These equations involve the products and 
differences of very large quantities. Their derivation is not as 
easily demonstrable as is the case with the equations developed 
from the theory of the elastic center. 


11 “Frictional Resistance and Flexibility of Seamless-Tube Fittings 
Used in Pipe Welding,’ by S. Crocker and A. McCutchan, Trans. 
A.S.M.E., vol. 53, 1931, paper FSP-53-17. See discussion pp. 234- 
PET ( 

12 “Graphical Methods for Least Squares,” by KE. O. Waters, 
Trans. A.S.M.E., vol. 51, part 1, 1929, paper APM-51-18. See 
discussion pp. 209-210. 


Water Gaging for Low-Head Units 
of High Capacity’ 


Lewis F. Moopy.? The writer feels that Mr. Mousson and the 
other members of the Engineering Staff of the Safe Harbor Water 
Power Corporation, as well as the executives of that company, 
leserve the appreciation of all engineers working in the hydraulic 
ield for the tremendous expenditure of time, effort, and financial 
Jutlay involved in the long series of researches on current-meter 
neasurement which they have carried out, and that Mr. Mousson 
leserves our thanks for the thorough and careful presentation of 
she methods and results which he has given in this paper. 

The excellence of the test equipment used at Safe Harbor and 
she meticulous regard for detail are evident from the paper, and 
‘nuch credit is due the testing organization for their efforts to 
‘nsure exactness of measurement. In the writer’s opinion, how- 
sver, two major questions stand out, which no amount of refine- 
ment in equipment and procedure can circumvent. The writer 
wonders (1) whether the metering section itself was adequate for 
u precise measurement, and (2) whether, with the high degree of 
surbulence superposed on the obliquity of flow existing over a 
sonsiderable part of the section, the two-meter angular-correction 
method would necessarily ‘assure dependable results. The be- 
javior of the meters themselves showed a high degree of obliquity 
of flow and turbulence, both when the false roof was used, and 
when it was omitted. The turbulence is readily accounted for 
ny the presence of the rack structure immediately upstream 
‘rom the section of measurement, including 24-in. I-beams and 
slosely spaced intermediate beams. The corrections required by 
whe two-meter method were large; and the writer believed when 
she tests were called to his attention that insufficient evidence 
‘xisted to demonstrate the correctness of the assumptions on 
vhich the method is based, when applied in the new manner and 
ander the extreme conditions here involved. The writer also 
velieved that the Safe Harbor organization would welcome any 
ight which could be thrown on these questions, and they have 
‘hown an open-minded attitude and have heartily cooperated in 
fforts to investigate the problem by certain special experiments, 
viggested by the writer, and carried out at the Princeton Engi- 
eering School. As a supplement to Mr. Mousson’s paper the 
yriter will describe briefly these experiments,* which were made 
»ossible by the Safe Harbor Company in loaning for use in these 
-xperiments four of the meters used in their tests. The work was 
arried out under the direction of the writer and Prof. A. E. 
sorenson, by two graduate students, L. F. Moody, Jr., and 
m. S. Hackett. The Safe Harbor Company have recently 
aken two further steps which should be most effective as demon- 
‘trations of the dependability or limitations of the method when 
pplied as described in Mr. Mousson’s paper. These steps in- 
‘lude a test with the racks and supporting structures removed, 
‘sing the type-1 and type-3 meters; and a Gibson test. The 
‘omparison of the results by these two new tests with those ob- 
‘ained under the conditions described in the paper should be most 
luminating. 

Before describing the Princeton experiments,’ the writer would 
‘xplain his reasons for doubt as to the dependability and pos- 
ble limitations of the two-meter angular method. The oblique 
‘alibration of meters, and the two-meter angular method, were 


1 Published as paper HY D-57-10, by J. M. Mousson, in the August, 
'935, issue of the A.S.M.E. Transactions. 
2 Professor of Hydraulic Engineering, Princeton University, 
‘rinceton, N. J. Also Consulting Engineer, Baldwin-Southwark 
‘orporation, Philadelphia, Pa. Mem. A.S.M.E. 

3 Described by L. F. Moody, Jr., and R. S. Hackett in their theses 
ibmitted as partial requirement for an advanced degree, Princeton 
niversity, Princeton, N. J. (Unpublished.) 
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proposed by the writer about twenty years ago, and a considerable 
amount of laboratory research was carried out at Rensselaer 
Polytechnic Institute at Troy, N. Y.4| The method was actually 
applied by B. F. Groat and the writer to the flow measurement 
of the Illinois River at Massena, IIl., in 1914. 

The object as explained by Mr. Mousson, is to correct the re- 
sults based on the still-water calibration of the meters for the 
effect of obliquity of flow encountered in running water. That 
the method is logical when applied to flow of permanent obliquity 
seems reasonable; but whether it is dependable for highly eddy- 
ing or turbulent flow involves other considerations. The com- 
plexity of the flow conditions encountered by individual vanes of 
a meter, when passing through a body of water filled with moving 
eddies, defies analysis. At times, as pointed out by Mr. Mousson, 
even when the average obliquity of flow is not great, a meter will 
stall, as shown by its record; but even before this extreme condi- 
tion is met, the meter may fluctuate greatly in speed and may 
momentarily stall without making the action evident in its record; 
and individual blades may stall or greatly vary in their action 
without stalling the meter. When the two-meter method was 
proposed, it was the thought that if two meters are used 
in flowing water, one of which slightly overregisters, and the 
other slightly underregisters, as shown by their oblique still- 
water ratings, and if the flow is sufficiently smooth to give meas- 
urements by both meters which differ by only a small amount, 
the true answer must lie somewhere between the two results, 
and that a weighted mean derived from the angular calibrations 
would best represent the probable flow. 

When, however, as at Safe Harbor, both meters underregister 
in steady oblique flow, and when, as in the case of the conical- 
screw type-2 meter, the underregistry is great, and when further, 
the flow is highly turbulent, the extension of the method to 
the point of extrapolating the result above the indications of 
both meters appears to introduce new questions and doubts. 

The most dependable answer would be the comparison of the 
results with a direct volumetric measurement, or with a measure- 
ment by a method of demonstrated accuracy. Unfortunately, no 
entirely satisfactory evidence of this kind is known to the writer. 
The Walchensee (Obernach) tests, referred to by Mr. Mousson, 
were not at all satisfactory, and Mr. Mousson in his discussion® 
of Hunter Rouse’s paper pointed out their limitations. They 
did not involve, for example, the use of a battery of meters, but 
only one of each type, and the spread of the results was so great 
that the variations exceeded the small differences in question. 
The Holtwood tests were made under such smooth flow conditions 
that the two-meter method may well be applicable to such flow, 
and throw no light on the phenomena of highly turbulent flow. 

It was the writer’s opinion that if the water in a rating flume 
were disturbed by lateral jets of water introducing no longitudinal 
components in the direction of motion of the rating car, the effect 
of at least one kind of turbulence should be clearly evident. 
While the meter registration could still be compared with the 
actual speed of the car, the meter would be passing through dis- 
turbed water instead of still water. If the two-meter angular- 
calibration method is to be above suspicion, it should give, from 
the readings of the two meters, the correct speed of the car by 
calculation from the angular-correction curves. The experiments*® 
conducted by L. F. Moody, Jr., applied this principle. 

Three water jets were introduced from the side of the rating 


4“Measurement of the Velocity of Flowing Water,” by L. F. 
Moody, Proceedings of the Engineers Society of Western Pennsyl- 
vania, vol. 30, no. 4, May, 1914. Also discussion of this paper in 
vol. 30, no. 5, June, 1914. 

5 J. M. Mousson’s discussion of ‘Research Institute for Hydraulic 
Engineering and Water Power,’’ by Hunter Rouse, Trans. A.S.M.E., 
vol. 55, no. 10, 1933, paper HY D-55-3. 
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tank and diffused somewhat by spiral baffles in the nozzles, the 
arrangement being shown in Fig. 1 of this discussion. Fig. 2 of 
this discussion shows the distribution of the lateral flow. All de- 
tails of procedure and diagrams showing the results are available 
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in the thesis.* A tabulation of the results for three velocities of 
the car are given in Table 1 of this discussion. It will be seen 
from this table that the application of the angular two-meter 
method of calculation to the registrations of the meters did not 
give the actual speed of the car, but a value higher than the true 
speed. The author of the thesis concludes: “It is evident, how- 
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TABLE 1 RESULTS OF PRINCETON TESTS 
Left- Right- Left- Right- Left- Right- 
hand hand hand hand hand hand 
meter meter meter meter meter meter 


True velocity of car V, 
fps aeienseieiecisie!= 2.5 3.5 4.5 
Velocity recorded by 
type-1 meters based 
on still-water rating, 
Vi, with jets in 
action. Length of 
run = 40ft....... 


Average Vi........-- 


4.497 
4.497 


3.498 
3.500 


2.498 3.502 4,497 


2,499 


2.500 


4.393 
4.393 


3.376 
3.380 


2.373 4.393 


2.373 


2.373 3.383 


Differences of recorded 
velocities by type-1 
and type-2 metersin 
per cent of velocity 
of type-1 meter = 
((Vi — V2)/V1]100 


Correction, by angular 
method from angu- 
lar-correction chart, 
in per cent of Vi... 


Derived or computed 
velocity by angular 
method = 

100 + angular correction 


5.043 3.430 2.313 


1.550 0.660 


2.538 3.535 4.525 


Error by angular 
method, in per cent 
of true velocity of 
car = 


Derived vel. — true vel. 


True vel. 
00 


1.000 0.556 
ever, from calibration sheet III that the tendency is, by the 
angular method, to give increasingly greater error with increase 
in turbulence.” 

Mr. Mousson in a very constructive discussion of this thesis 
has analyzed the results by applying the oblique calibration 
curves to the instantaneous velocities encountered throughout 
the run, and by integration has thus accounted theoretically for 
the nature of the results. However, when the two-meter method 
is applied in the field, it is impossible to analyze and to integrate 
the instantaneous actions, and the method is applied to the over- 
all result, just as was done in these experiments. 

Mr. Mousson also pointed out that the type-2 meters were 
subject to stalling at the instant of encountering the maximum 
lateral velocity. This condition may also exist in the field, and 
undoubtedly does in the Safe Harbor tests with this meter. 
Moreover, partial stalling or stalling of single blades, may occur 
even when the turbulence is much reduced. The plotting of the 
results showed that while the error decreases with decrease in 
relative turbulence, it does not disappear within the range of 
the tests. ; 

The second investigation, carried out by Mr. Hackett, was 
directed toward the effect of pulsations in magnitude of the ve- 
locity, rather than its direction. The tests were for the same pur- 
pose as those described by Mr. Mousson, made at the Bureau of 
Standards by varying the car speed. In the Princeton tests, how- 
ever, the test could be made much more accurately. The meters 
were mounted on a swinging frame, which was oscillated through 
a small angle by a crank and link, driven from an axle of the car. 
The oscillation was such as to vary the meter speed without 
reversing it. As might be expected from the helicoidal generating 
lines of the meter blades, and as previously found by Yarnell and 
Nagler,® with meters oscillated about a fixed point, in running 


6 “Effect of Turbulence on the Registration of Current Meters,” 
by D. L. Yarnell and F. A. Nagler, Transactions of the American 
Society of Civil Engineers, vol. 95, 1931, p. 766. 
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water, the pulsations were found to have no effect on the meter 
registration. 

A few further points regarding the Safe Harbor tests might 
be mentioned. It is believed that the choice of the conical-screw 
type-2 meters, was unfortunate, due to the form of the propeller 


’ which has curved generating lines and which gives for lateral 


components of flow an effect approaching that in a cup meter, 
tending to pick up turbulence in a manner similar to a Price meter, 
but in a direction to retard the meter. This point seems to be 
borne out by the Princeton experiments.* 

The writer also believes that the combination of the type-1 and 
type-3 meters is unsatisfactory for the reason that since there is 


_ so little difference between their angular characteristics, the correc- 


tion called for by the two-meter method is more than 50 per cent 
greater than the difference between their indicated results. That 
is, it would be necessary to extrapolate to get the supposed true 
value to an extent much greater than the difference detected in the 
tests. When the method is applied to tests made successively and 

_ not simultaneously, the difficulty in preserving exactly constant 
flow conditions, and the inevitable variations in results experi- 
enced in repeat tests of a turbine, may completely distort the 
relatively small differences due to the change in meter type and 
give a totally unreliable final result. For example, if the two 
types of meter give indications differing by 0.7 per cent, and if 

’ the measurements are both subject to an error of only 0.25 per 
cent, then the final calculated flow may be anything within a 
range of over two per cent, or the result would be subject to an 
error of over = 1 per cent. 

As to possible lines of further development, directed toward 
overcoming the difficulties inherent in the problem of precise 
measurement by current meter, the writer believes it would be 
worth while to direct further attention to the meter itself. It 
should be possible to develop axial-flow meters having very slight 
underregistering characteristics, and also meters slightly over- 
registering in oblique flow. Some progress was made at Rens- 


- selaer Polytechnic Institute at Troy, N. Y., in this direction prior 


to 1915. One method was the use of a stationary circular shield 
around the propeller. A paper by F. Anlauft? shows such meters 
developing promising characteristics. 

In conclusion, the writer expresses the hope that Mr. Mousson 
and his associates will be able to continue their valuable researches 
in this field, and that further clarification of the problem will 
result from their work. 


F. H. Rogmrs.? The paper is a valuable contribution to the 
subject of current-meter testing in large intakes of hydraulic 
turbines. The excellence of the equipment, and the great care 
taken in testing were justified by the consistency of the results 
obtained. The author points out clearly the importance of care- 
fully considering the types of meters to be selected and the great 
accuracy required in the meter calibrations. 

The accuracy of the field tests made by the two-type current- 
meter method is-:based on the assumption that angular still- 
- water calibrations can be used to correct the meter registration 
in flowing turbulent water without conclusive proof of such as- 
sumption. 

The author describes a calibration test of this method made 
previous to the field tests in which the meters were installed in 
flowing water in the flume at the Holtwood Laboratory, and the 
readings compared with the actual discharge obtained from a 
calibrated venturi meter and states that this test gave satis- 


7 “Hydrometrische Fliigel bei schriger Anstromiing,’”’ by F. An- 
lauft, Mitteilungen des Hydraulischen Institute der Technischen 
_ Hochschule Miinchen, vol. 5, 1932, pp. 1-20. 

; 8 Chief Engineer, I. P. Morris Division, Baldwin-Southwark 

Corporation, Philadelphia, Pa. Mem. A.S.M.E. 
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factory results. From a study of the results of this test, shown in 
Table 1 of the paper, it appears that the flow conditions in the 
Holtwood flume differed considerably from those existing in the 
metering sections of the large turbines. For example, in the flume 
at Holtwood the difference between the registration of the meters 
was only 0.51 per cent for smooth flow and 1.69 per cent for 
rough flow, requiring, even for rough flow, a correction to type-1 
meter of only 0.49 per cent, and indicating but very little ob- 
liquity. i 

In the field tests, however, the following readings were obtained: 

1 Unit with false roof: (a) The difference in registration of 
the meters was 3.9 per cent, (b) the correction to the type-1 meter 
was 1.06 per cent, and (c) the corresponding angularity was 10.5 
deg. 

2 First test on the unit without false roof: The type-2 meter 
stalled at certain locations, indicating an angularity of flow in 
excess of 34 deg at these points. 

3 Final test on the unit without false roof using type-1 and 
type-3 meters: (a) The difference in registration of the meters 
was 0.7 per cent, (b) the correction to type-1 meter was 2.1 per 
cent, and (c) the corresponding angularity was 14 deg. 

The flow conditions at the metering sections of the turbines, 
therefore, are not truly comparable with the conditions in the 
Holtwood flume. 

In describing the tests on the unit with the false roof the author 
emphasizes that the effective obliquity of 10.5 deg, obtained from 
the angular still-water ratings, is to a considerable extent an 
effective angularity of individual water particles and flow fila- 
ments rather than a general obliquity of flow. This rather erratic 
behavior of separate water particles is certainly true, as proved 
by many experimenters, and has been mentioned in two other 
papers.9:1° 

A comparison between the physical conditions at the meter 
during the angular still-water rating and the field tests is here 
suggested for consideration. 

1 Angular still-water rating: 

(a) At a given point on the meter, during the registration 
period, the obliquity and velocity are constant. 

(b) At any given time during the registration the obliquity 
and velocity are constant across the entire face of the meter. 

2 Field tests: 

(a) At a given point on the meter during the registration 
period both the obliquity and velocity vary. 

(b) At any given time during the registration there is a varia- 
tion in obliquity and velocity across the face of the meter. 

Considering these wide differences in flow conditions, there 
appears to be little foundation for assuming that the correction 
curves obtained from the angular still-water rating can be applied 
to the field results, particularly where turbulence is present. The 
possible error is shown by the conclusion reached by Mr. Mousson 
that the discharge recorded by type-1 meter must be increased, 
and Mr. Kerr’s! findings that the discharge recorded by this 
meter should be decreased. 

It is to be hoped that the valuable research work accomplished 
by the Safe Harbor Power Corporation and others can be con- 
tinued in order to eliminate the remaining uncertainties in this 
method of water measurement. 


J. F. Rozerts.!! A most important contribution to the art 


9 “Photoflow Method of Water Measurement,’ by W. M. White 
and W. J. Rheingans, Trans. A.S.M.E., vol. 57, August, 1935, paper 
HYD-57-7, p. 273. 

10 “Research Investigation of Current-Meter Behavior in Flowing 
Water,” by S. Logan Kerr, Trans. A.S.M.E., vol. 57, August, 1935, 
paper HYD-57-9, p. 295. 

11 Hydraulic Engineer, Power Corporation of Canada, Ltd., Mon- 
treal, P. Q., Canada. 
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of water measurements by means of current meters has been de- 
scribed in Mr. Mousson’s paper. It is a fact that by slowly moy- 
ing the meters over the area to be metered, the mean velocity 
of that area is obtained just as accurately as though the meters 
had been stopped at designated points and a large number of 
point velocities computed. The writer ventures to say that any 
tests in the future, where current meters are used, will follow 
this procedure. 

In the writer’s opinion, Mr. Mousson is very conservative 
when he states the saving in computation time effected by the 
traversing system or vertical integration method. One day per 
test for computations instead of four days is certainly a worth- 
while saving but the writer believes this could be even further 
decreased and still obtain reasonable accuracy with the integrat- 
ing system. With this system it should be feasible to eliminate 
the recording charts and use a cyclometer which reads directly 
the net forward revolutions of the meter. It might even be 
feasible to so mount one meter that it could be traversed both 
vertically and horizontally, thus further decreasing the cost of 
instruments and simplifying the computations, although slightly 
increasing the testing time. 

The writer has one question: Under part (c) of “Testing Pro- 
cedures and Computations,” page 312, the author mentions the 
necessity of correcting the runs for type-1 and type-2 meters for 
the same turbine output, according to the readings of the piez- 
ometers recording on the indexsystem. How much actual correc- 
tion was necessary between comparative tests with type-1 and 
type-2 meters when the load was presumably constant? In 
other words, was there any appreciable change in flow during 
a test? 

About three years ago the writer was interested in current- 
meter tests conducted on the 12,000-hp, adjustable-blade propeller 
turbines operating under a head of 26 ft at the Back River plant. 
Five current meters of the Texas-Ott V-type, with three square 
vanes mounted on radial spokes, were used. These were similar 
to the type-1 meter used by the author, and were also provided 
with plaster template molds and a 10-pen graphic recorder, the 
action of which was very similar to the author’s. The pitch of 
the meters was about 25 em, or the same as those used by Mr. 
Mousson. These meters were mounted on a horizontal bar fixed 
into guides which fitted into the head-gate slots, the whole being 
raised and lowered by the gate-house crane. 

The Back River turbines have three openings, each 15 ft wide 
by 25 ft deep. Readings were taken at seven different elevations, 
giving 35 readings per opening, or 105 readings per test. Compu- 
tations were simplified as much as possible, because relative per- 
formance between different runner tilts, gate openings, and be- 
tween units built by two different manufacturers was the answer 
wanted. Since all of the meters had practically the same rating 
coefficient, the meters were so distributed that the same coefficient 
could be used for all meters. With each reading representing 
approximately equal areas, all the readings were converted to 
velocity after which the 105 readings per test were averaged. 

Results were very satisfactory. Points could be duplicated 
within 0.5 per cent and results, when plotted, formed remarkably 
smooth curves. A maximum overall efficiency from water to 
switchboard of about 88 per cent was obtained. While it was 
felt that this was possibly 2 per cent to 3 per cent on the high 
side, it was considered very satisfactory for our purpose. From 
the test results splendid operating curves could be constructed 
showing how to generate the greatest number of kilowatt-hours 
under all conditions. 

Based on Mr. Mousson’s paper, the writer would conclude 
that the type of flow meter used by the writer would underregis- 
ter between 1 per cent and 2 per cent, so that his results should be 
decreased by that amount. 
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Personally, the writer believes that satisfactory test results 
can be obtained by the use of current meters and there is no doubt 
but that Mr. Mousson has contributed a large amount of useful 
information whereby future tests cannot only be made cheaper, 
but also better. 


W. M. Wuire” anp W. J. Ruerneans.* This paper gives an 
excellent account of the difficulties encountered in the measure- 
ment of large quantities of water with current meters, especially 
if turbulent flow is present. The Power Company that made 
the tests is to be congratulated upon the perseverance shown and 
the time and money spent in trying to arrive at the facts. Cer- 
tainly all details of testing, application, and computation were 
carefully made and all possible sources of error were investigated. 

However, Mr. Mousson apparently is not very familiar with 
the work done with current meters in testing hydraulic power 
plants in the United States and Canada. Up until 1923, before 
the Allen salt-velocity and the Gibson methods were first intro- 
duced, the current meter and pitot tube were about the only 
available means for measuring large flows, with the exception of 
an occasional weir test or a laborious salt-titration test. Since 
the pitot-tube tests were confined largely to a few high-head 
plants, the current meters were quite extensively used for testing 
hydraulic power plants. 

The difficulties encountered and the unsatisfactory results ob- 
tained in turbulent flow prompted the development of other 
methods of water measurement. At the same time, every at- 
tempt was made to obtain accurate tests with current meters. 
Many of the improvements mentioned by Mr. Mousson as having 
been recently developed in Europe were used in the United States 
and described in publications ten to twenty years ago. For 
instance, the movable supporting frame for multiple meters was 
used at the Massena tests in 1914, and was described in detail by 
Benjamin Groat in a paper! presented before the A.S.C.E. In 
this particular test the velocities were measured at 100 points in 
a cross-sectional area of 625 sq ft, which compares favorably with 
the number of metering points being recommended for present- 
day practice. 

Use was also made of the two-type current-meter method of 
measurement of turbulent flow. A Haskell and an Ott meter were 
used, both of which underregistered the cosine component of 
angular flow. The discharge corrections were applied by plotting 
composite curves very much similar to those described and shown 
in the paper by Mr. Mousson. 

The two-type current-meter method as used at Massena in 1914 
and as described by Mr. Mousson for the Safe Harbor tests, is 
based entirely on the theoretical assumption that turbulent flow 
can be resolved into the two simple elements of angular flow 
and variations in the velocity of the forward flow. From this 
assumption it is concluded that the current meter will perform 
exactly the same in turbulent flow as when rated in still water at 
various angles to the direction of motion of the rating car. 

If this is true then a current meter which will underregister 
the cosine component of angular flow when rated in still water, 
will always underregister in turbulent flow and will never over- 
register. Similarly, a current meter which overregisters the 
cosine component of angular flow will always overregister in 
turbulent flow and will never underregister. 

That this is not the case was proved by tests made by Yarnell 


12 Manager and Chief Engineer, Hydraulic Department, Allis- 
Chalmers Manufacturing Company, Milwaukee, Wis. Mem. 
A.S.M.E. 

13 Test Engineer, Hydraulic Department, Allis~Chalmers Manufac- 
turing Company, Milwaukee, Wis. 

14 “Chemihydrometry,” by B. F. Groat, Trans. A.S.C.E., vol. 80, 
1916, paper 1366, p. 
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and Nagler. In these tests current-meter traverses were made 
in a 38-{t X 4ft flume with various types of turbulent flow. It 
was found that the Ott meter, which underregisters the cosine 
component of angular flow in still water, would overregister by 
as much as 50 per cent in certain types of turbulent flow and under- 
register as much as 20 to 30 per cent for a different type of turbu- 
lent flow. The same was true of the Hoff meter. On the other 
hand, the Price meter underregistered 17 per cent for one type of 
flow and overregistered 54 per cent for another type. It is true 
that Yarnell and Nagler‘ used only a single rotation for each meter, 
but they made tests with a four-blade Hoff meter which had a 
right-hand rotation and an Ott meter having a left-hand rotation. 
Both meters showed the same characteristic of underregistering 
or overregistering a certain type of turbulent flow, showing 
that the direction of rotation had very little effect on the results. 

Just such variations as were obtained with the Ott, Hoff, and 
Price meters in turbulent flow by Yarnell and Nagler,® may be 
expected in field tests where it is impossible to determine what 
type of turbulent flow is present. As long as there is a possibility 
that the meters may show variations from a minus 30 per cent to 
a plus 50 per cent for various types of turbulent flow, any attempt 
to measure the turbulence and correct for it by using differences 
of indicated flow as small as 2 or 3 per cent between two types of 
meters, is bound to be a failure. 

Up to the present time the preponderence of evidence is against 
the two-type current-meter method. As stated before, it is 
based entirely upon a theoretical consideration of being able to 
resolve turbulent flow into simple elements. The only practical 
proof so far has been a test made at Holtwood, mentioned by 
Mr. Mousson. However, the amount of disturbance introduced 
by the racks in this test was apparently very small as compared 
to what can usually be expected in field tests. 

Therefore, before the two-type current-meter method of testing 
can be accepted for measuring turbulent flow, extensive tests 
will have to be made similar to the ones stated by Yarnell and 
Nagler,* in which current-meter traverses are made in all types 
of turbulent conditions with a known quantity of flow. These 
tests would have to show conclusively that the two-type method 
with the meters adopted gives accurate results for all types of 
turbulent flow and under all possible conditions which may be 
encountered in the field. 


P. F. Danzu.® Progress in hydraulics has always depended 
upon accuracy in water measurement. No theory can be con- 
structive unless it can be checked, and in most cases it may be 


assumed that theories used in design are no more accurate than 


the measurements themselves. 

For a number of years many laboratories have been conducting 
model tests having an accuracy of 0.5 per cent but in most cases 
field tests have not attained by any means this same degree of 
accuracy. The author’s contribution takes us one step farther 
toward accurate field tests. 

This is of prime importance, not only in ascertaining the per- 
formance of the units, but also in giving the designer new data to 
assist in improving design theories and in enabling closer predic- 
tion regarding the performance of future units. Unfortunately, 
with most of the accumulated data the trends which the designer 
is eager to discover are overshadowed by the errors in the test. 
This is particularly true in large low-head developments, which, 
as new comers into the field of power development, require special 
adaptation of older test methods and the development of new. 

Most laboratories resort to rating with a moving car running 
above a still-water flume. Errors in the length of travel or in 
the corresponding time are easy enough to avoid, but, neverthe- 

18 Research Engineer, Ateliers Neyret-Beyler and Piccard-Pictet, 
Grenoble, France. 
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less, have not been uncommon and still are a probable cause of 
many inaccuracies. The influence of disturbances in the rating 
flume can, as pointed out by the author, account for further dis- 
erepancies, while unsteady motion of the car, resulting from mis- 
alignment of the rails may introduce still further errors. In this 
case the consistency of the test points is impaired and the ac- 
curacy becomes less. 

The new way of plotting the test points shown in Fig. 15 
illustrates certain features of a meter’s behavior at low velocities. 
These are of interest not only in rating the meter, but also in 
designing new meters. Literature on meter testing is abundant, 
but that on meter design is scarce and much needed. 

Systematic tests with different grades of oils with various 
viscosities are of great practical importance since the effect of 
viscosity has too often been overlooked. The writer knows of 
cases where tests have been in error by more than 3 per cent 
through the use of improper oil. 

Inasmuch as there appears to be no possible way of rating 
accurately in flowing water, some method of using still-water 
ratings in turbulent flow must be resorted to, and therefore this 
paper is a valuable contribution on this subject. 

It may be mentioned that in Europe the one-meter method is 
usually employed, and if the location of the test section is ap- 
propriate comparatively little error arises. The two-meter 
method may be recommended in cases where there is steady 
oblique flow as is frequently the case in converging flumes or 
penstocks, as well as in bellmouths with good approach condi- 
tions. For such tests, type-1 and type-3 meters of the paper, 
would apparently be suitable provided that the type of meter 
which is used has appropriate characteristics, as pointed out by 
the author. 

In pulsating flow, with more or less periodic obliquity of flow, 
the accuracy of the two-type-meter method is probably greatly 
impaired and the advantage over the one-meter method is not so 
distinct as with steady oblique flow. 

The practical range of application of the two-type-meter method 
is then not as great as it might appear at first thought. In decid- 
ing, therefore, between the use of the one-type meter and the 
two-type-meter method, a careful study of hydraulic conditions 
must be made. Other things being equal, the former method will 
often be resorted to for simplicity, low cost, and because it is 
better understood. Nevertheless, with steady converging flow, 
the latter method is probably the most accurate way of using cur- 
rent meters. 

Improvement in the design of current meters will undoubtedly 
tend to widen the range of accurate application of the one-meter 
method, and the author’s work in developing his type-3 meter is 
a step forward in this direction. 


AvuTHOR’s CLOSURE 


Because of the turbulence caused by the trash racks, Professor 
Moody doubts whether the gaging sections available at Safe Har- 
bor were adequate. He believes, however, that a current-meter 
test without the trash racks and a Gibson test would be most effec- 
tive in demonstrating the dependability or the limitations of the 
two-meter method. 

In the original paper, page 314, in the next to the last para- 
graph, the following statement was made in regard to the tests 
without the racks: “The results indicated that the effective 
obliquity was slightly less when compared with the one previously 
obtained. The discharges, however, as indicated by the two- 
type-meter method were identical for both series of tests.” To 
elaborate somewhat on these results a detailed comparison is 
given in Table 2, using the Winter-Kennedy piezometer system 
as a parameter. The data presented show that the two-meter 
method properly accounted for the presence or absence of the 
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trash racks as identical corrected discharges were obtained in 
either case. 


TABLE 2 COMPARISON OF es WITH AND WITHOUT TRASH 
RACKS 


Unit without trash 
racks and without 
false roof false roof 
Qs = 5006 X De-s889 Qs = 5021 X De-4950 
Q: = 4964 X De.avse QQ, = 4989 X Do.4930 


Unit with trash 
racks and without 


Type 3 current meter.....--- 
Type 1 current meter ....... 


Difference in coefficients... ... 42 32 
Correction to type 3........-- 3/2 X 42 = 63 3/2 X_32 48 
Corrected discharge equation. @ = (5006 + 63) X @ = (5021 + 48) X 
D9-4350 De-4950 
= 5069 X D2-4950 = 5069 X De-1950 


The comparison of the Gibson and current-meter tests on this 
unit shows a difference of less than 1 per cent. Certain correc- 
tions must be made to the Gibson measurements; according to 
Professor Thoma’s paper'® a correction of about 0.5 per cent is 
necessary in the case of Safe Harbor. After allowing for the 
difference in head, which was more favorable during the Gibson 
test, the two methods agree within 0.2 per cent for peak efficiency. 
The close agreement between the two methods on this unit is very 
remarkable. 

It may be well to consider the Princeton experiments in greater 
detail, particularly the results given by Professor Moody in 
Table 1. His argument, in brief, is that inasmuch as the type-l 
meter seems not affected by the turbulence or obliquity intro- 
duced by the jets (compare V with V; in Table 1) and type 2 is 
affected, a correction applied to type 1 on the basis of the per- 
formance of type 2 is unnecessary and false. The results of these 
experiments at Princeton can be clearly shown graphically, and 
Fig. 3 is based on the original data put at our disposal by Pro- 
fessor Moody. Left- and right-hand meters are combined on the 
same plot; this is permissible since runs were made for each 
meter in both directions. It is apparent that turbulence as pro- 
duced in the flume not only affected the type-2 meters, but also 
the type-1 meters. The average curves are drawn to show, as 
well as possible from the scattered points, the apparent average 
effects. Knowing the distribution of the crosscurrent and the 
meter ratings in oblique flow, the theoretical underregistrations 
for each meter type can be computed for the particular conditions 
of these experiments. This has been done for both types of me- 
ters and for the runs of 40 and 60 ft, see Fig. 3. 

The agreement with the experimental data is naturally not per- 
fect, nevertheless it is sufficiently close to show in a striking man- 
ner that given the distribution of crossflow and the oblique rat- 
ings of the meters, the results actually obtained could have been 
predicted surprisingly well. It was to be expected that the points 
for the type-2 meter should fall below the observed curve because 
the theoretical calculations could not take into account the effect 
of friction in starting the propeller after it had stopped. It 
seems of utmost importance to note that the trend of the curves is 
such that the expected ratio of underregistration of the two-me- 
ter types is approached as the velocity increases. Since this 
ratio is about 1 to 4 the results indicate that this ratio may be 
attained somewhere around 6 ft per sec. It is evident that all 
tests at Princeton were made within a velocity range where the 
jets produced an angularity sufficient to stall the type-2 meter; 
therefore, no proper results could be obtained. Although ex- 
trapolations are often dangerous, the trend of the results clearly 
indicates that the two-meter method would have been substan- 
tiated for higher velocities where the limitations of neither of the 
two meters are exceeded. 

Professor Moody fears that, as a result of test errors inherent in 
each method, the correction applied may be too large, particu- 


18 “Concerning the Degree of Accuracy of the Gibson Method of 
Measuring the Flow of Water,’’ Trans. A.S.M.E., vol. 57, 1935, 
paper HYD-57-4, pp. 203-211. 
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larly when the correction is greater than the small difference be- 
tween the oblique flow characteristics of type 1 and type 3. 
Professor Moody assumes an individual error for each type of 0.25 
per cent and suggests an overall error for the two-meter method of 
=1 per cent. 

In the first place we must classify errors into two groups, one 
consisting of systematic errors inherent to the method, and a 
second group comprising accidental errors. If measurements 
with both meters are made by the same method, identical except 
for difference in pitch of the meter, we may safely assume that the 
systematic error affects the measurements with each type of me- 
ter by the same percentage and in the same direction. There 
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results an overall systematic error which is neither increased nor 
decreased by using more than one meter. On the other hand ac- 
cidental errors have actually been determined for each individual 
group of tests, and it is not necessary to assume an error of 0.25 
per cent as suggested by Professsor Moody. For the measure- 
ments made with each type of meter as shown on page 315, Table 
4, of the paper, the accidental error or relative precision was 
found to be: 6; = =0.054 per cent. 

We can now compute the accidental error for the two-type- 
meter method using type-1 and type-3 meters as at Safe Harbor, 
having pitches of 25 and 15 cm, respectively. We know that 
3; = 6; = =0.054 per cent. Hence the accidental error of the 
two-meter method is: 


V bt + 83 


o 
Phe maT 


since 6; = 43 
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=6(1 41.5 +/ 2) = +0.17 per cent 


It is easy to see that the actual accidental error of +0.17 per 
cent compares favorably with the assumed value of +1.0 per cent 
given by Professor Moody. 

As Professor Moody seems concerned about the error arising 
from using a correction which is larger than the difference between 
the two meters, it is of interest to compute the accidental error 
for the two-meter method using current meters of 15 and 30 cm 
pitch. In this case the discharge correction to the meter with the 
smaller pitch would be equal to the difference established by the 
two meters. Assuming the same relative precisions for the in- 
dividual series as determined for the Safe Harbor tests, that is: 
d15 = 63 = +0.054 per cent, the accidental error for the two- 
meter method would be 


TV ist + 850% + 830? 


= +0.13 per cent 


= ds (1 + V2) 


= 615 gag Dig 


It may be seen that the difference between the accidental errors, 
using a somewhat more suitable ratio of pitches than those actu- 
ally used at Safe Harbor is only 0.04 per cent, which is indeed 
a completely negligible amount. 

Efforts to bring the oblique-flow characteristics of propeller 
meters closer to the cosine or ideal meter registration by means of 
shrouding are interesting and commendable. All results so far 
available, however, have shown that little hope may be enter- 
tained for success. Although the performance is improved for 
angles up to 15 deg, the oblique-flow characteristics are seriously 
impaired for higher angles; in this range a definite and undesir- 
able break occurs in the curve obtained when plotting under- 
registration versus angle of obliquity. Since under almost any 
field conditions for low head units obliquities in excess of 20 deg 
must be reckoned with, the use of one single type of shrouded 
propeller meter cannot be considered at the present time. 

In order to show what may be expected of current meters with- 
out shrouding, the characteristics of a family of three-spoke, vane- 
type propellers is reproduced in Fig. 4. It may be seen that the 
ideal current meter for this family will have infinite speed as the 
pitch appears to be zero. From a practical point of view a pitch 
of 10 em may be the lower limit at the present time. 

Mr. Rogers seems to believe that the Holtwood tests cannot be 
compared with the field conditions because the effective obliqui- 
ties were so much smaller at Holtwood than those encountered 
in the field. The underregistrations for the type-1 meter for the 
Holtwood laboratory tests and the field tests are given in Table 3. 


TABLE 3 COMPARISON OF UNDERREGISTRATION 


Underregistration of 
type-1 meter, in per 


Test no. Type of test cent 
1 Holtwood flume with stilling racks.............. —0.20 
2 Holtwood flume without stilling racks........... —0.49 

3 S.H. unit with false roof and with trash racks. 
Meters imi gaterslotenetmaac ss ietnis omens aiere —1.06 

4 S.H. unit without false roof and with trash 
racks. Meters in emergency gate slots......... —2.09 

5 S.H. unit Without false roof and without trash 
racks. Meters in emergency gate slots........ —1.60 


A comparison of tests 4 and 5 in Table 4 shows that the in- 
fluence of the trash racks is 0.49 per cent. If a test had been 
made on the unit with the false roof but without the trash racks, 
the underregistration of type 1 would have been in all probability 
close to (1.06 per cent — 0.49 per cent) = 0.56 per cent, that is a 
value almost as small as that of test 2in Table 3. Obviously the 
underregistration would be slightly more for such a test; even 
with the false roof the approach conditions in the short intake 
could not haye been so good as in the Holtwood flume under the 
conditions prevailing without stilling racks. It is believed that 


the results as obtained and as given in Table 3 show that the flow 
conditions in the laboratory flume and in the field are comparable. 

In view of the current-meter tests at Eddystone, Mr. Rogers 
seems inclined to believe that propeller meters may overregister 
in turbulent flow. It should be borne in mind, however, that 
during these tests water was not measured by means of current 
meters but by a pitot tube, subject to inherent errors in turbulent 
flow. Losing sight of this fact erroneous conclusions will neces- 
sarily result.17_ Furthermore, if Mr. Kerr’s conclusions were cor- 
rect, that is, that the type-1 meter overregisters by 5 per cent 
instead of underregistering by 2 per cent, then the true discharge 
for the Safe Harbor units would differ by 7 per cent from the re- 
sult obtained by means of the Gibson method. 

Mr. Rogers thinks that the conditions in the field would neces- 
sarily be different from the calibration conditions, as at any given 
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time during the registration the obliquity and velocity across the 
face of the meters are subject to variations. It is believed that 
the tests carried out by Mr. Hackett and described by Professor 
Moody substantiate the belief that uneven velocity distribution 
across the face of meter propellers is of no concern. Since Mr. 
Hackett mounted the meters on a swinging frame oscillating to 
and fro, and since the rate of acceleration or deceleration is de- 
pendent upon the distance from the pivot around which the frame 
was oscillating, the velocities could naturally not be uniform over 
the entire area of the meter propellers. 

Professor Moody reports that these tests showed no effect on 
the meter registration for the variations in obliquity across the 
face of the blade. At the same time the analysis of Fig. 3 of the 
Princeton tests with water jets as well as the oscillation tests 
carried out by Yarnell and Nagler tend to show that no abnormal 
conditions may be expected in the field. 

The saving of the integration method over the point method is 
not 75 per cent as interpreted by Mr. Roberts, but 87.5 per cent 
as may be surmised from a statement on page 315. Of course, in 
using two types of meters, the saving is hardly more than 75 per 
cent over the old method employing only one-meter type and the 
point method. It should be borne in mind, however, that once 
the effective obliquity for any setting is known, only one type of 
meter need be used for further tests and the necessary overall 
correction can be made without using a second meter type. For 


17 This the author pointed out in his discussion of a paper by S. 
L. Kerr which will appear in a later issue of the Transactions. 
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future tests at Safe Harbor it would appear hardly worth while to 
use two types of meters as the corrections to type 1 or type 3 are 
known sufficiently accurately that at least 50 per cent of the ef- 
fort of testing can be saved. 

In answer to the specific question by Mr. Roberts regarding 
the magnitude of changes in flow during one test run, the writer 
would like to refer to page 315, Table 4, where the consistency 
or the average departure of a single run was computed to +0.24 
per cent. This is an extremely low value, considering that all 
accidental errors of the current-meter method and errors arising 
from the piezometer readings are included. How much of this 
value is really due to the change in flow is impossible to say. 

Attention may be drawn simply to one statement made by 
Messrs. White and Rheingans to the effect that propeller meters 
did overregister as much as 50 per cent. The writer can hardly 
believe that Messrs. White and Rheingans have lost sight of the 
fact that Yarnell and Nagler did not try to measure water by 
means of current meters but simply determined the relative indi- 
cations of various types of meters at different locations of a flume 
cross section using the discharge or mean velocity as determined 
by a weirasa parameter. Neither could it be assumed that they 
did not realize that the apparent overregistrations were not over- 
registration at all because the meter locations chosen by Yarnell 
and Nagler for these particular tests were in the high velocity jets 
caused either by blocking part of the flume by means of a sub- 
merged weir or by a vertical obstruction. 

The contribution of Messrs. White and Rheingans, however, 
serves one useful purpose in recalling the current-meter tests at 
Massena in 1914. It may be well to study the equipment and 
methods used in these tests to see how much progress has really 
been made. 

The writer wishes to thank Professor Moody and Messrs. 
Rogers, Roberts, and Danel for their respective criticisms, sugges- 
tions and new data made available. The serious thought given 
by these contributors as well as the experimental effort made at 
Princeton are the more appreciated as only through a common 
effort of many engineers may advancement in the art be possible. 


Locomotive Tractive Effort in Rela- 
tion to Speed and Steam Supply’ 


H. S. Vincent.2 The title of the paper expresses precisely 
what the authors propose. The usual tractive-effort formula 
gives the relation between two variables, the speed and the trac- 
tive effort. The authors have introduced a third variable, viz., 
steam supply. 

The exigencies of design limit the supply of steam which the 
boiler can furnish and the necessities of transportation govern 
the speed which the locomotive can attain. Locomotives are not 
built primarily to develop thermal efficiency, a desirable asset 
but incidental to operating efficiency, or the maximum return for 
the money invested. 

As a rule, a locomotive is designed to meet definite operating 
conditions, involving the overcoming of known resistances such as 
speed, grade, and curvature. These tax the capacity of the loco- 
motive; otherwise, a less powerful unit would suffice. 

A designer is primarily concerned with the tractive effort that 
the locomotive will deliver under normal operating conditions. 
The writer begs to differ with the authors of the paper and as- 
serts positively that there is such an entity as “maximum trac- 
tive effort’’ and in addition, there is a “family” of lesser tractive 
efforts which may be developed ad lib. 


1 Published as paper RR-57-2, by E. G. Young and C. P. Pei, in the 
August, 1935, issue of the A.S.M.E. Transactions. 
2 Bast Harwich, Mass. Mem. A.S.M.E. 
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The maximum tractive effort for any given speed, is that de- 
livered by the locomotive when its boiler is furnishing to the cyl- 
inders the maximum weight of steam of which it is capable, pro- 
viding the cylinders can utilize it. Every locomotive boiler has 
a very definite maximum steam capacity as has been clearly dem- 
onstrated by L. H. Fry.’ This type of operation is very ineffi- 
cient thermally but may at times be necessary to meet certain 
exigencies of transportation. 

There is a definite weight of steam which a locomotive boiler 
can deliver continuously to the cylinders. This is contingent 
upon the firing of a definite weight of fuel per square foot of grate 
surface per unit of time. Cole proposed a firing limit of 120 lb 
of bituminous coal per sq ft of grate area per hr. Modern prac- 
tice tends to reduce this to 100 lb or even less. Under such con- 
ditions of firing and steam generation, the boiler efficiency will 
range from about 55 to 60 per cent. This is what the writer 
terms normal operation, and the tractive effort which the locomo- 
tive will deliver at such boiler operation is termed normal tractive 
effort. This is the criterion by which the locomotive designer 
measures his product. 

The authors have devised a set of equations based on data 
obtained from a test of two Pennsylvania locomotives of similar 
design, which may be used to estimate the tractive effort of any 
locomotive by making certain adjustments involving cutoff, 
mean effective pressure, and weight of steam per revolution. The 
validity of these equations is contingent upon the accuracy of the 
basic data. 

It is evident from a study of the example given in the paper, 
that there are at least ten operations necessary for establishing 
the tractive effort for each increment of speed, besides necessary 
references to charts. However accurate such a system may be, it 
involves too much labor to make its use general. 

The writer has published‘ a method of determining the tractive 
effort of locomotives. The equations given in this method are 
also based on data from Pennsylvania tests, but the data have 
been generalized so that they do not involve the specific deter- 
mination of cutoff or mean effective pressure as such. The 
tractive-effort equation is 


1.95 P,\M 
1 + (36.66MS/H») 


where 7'3 = indicated tractive effort, lb; Pi = boiler pressure 
minus 10, Ib per sq in.; M = the engine constant, d*s/D; S= 
lineal speed of the locomotive, mph; H = the normal steam pro- 
duction of the boiler available for the cylinders, lb per hr; v = 
specific volume of steam at P; and 100 deg superheat. 

This equation gives only the hyperbolic portion of the tractive- 
effort curve, which in its entirety consists of a straight line, a hy- 
perbola, and a connecting or transition curve. The complete 
derivation of the equation is given in the published article‘ and 
demonstrates its rational or semirational character. 

In Fig. 1 of this discussion are shown curves of tractive effort 
as derived from the authors’ formulas compared with those 
derived from the writer’s equations, based on a locomotive 
having the dimensions given in the authors’ example. The 
full-line curves in Fig. 1 of this discussion are copied exactly from 
the Fig. 8 of the paper. For steam flow of 30,000 Ib, 40,000 lb, 
and 50,000 lb per hr, there is little difference between the curves 
constructed by the two methods. For steam flow of 60,000 lb per 
br, there is a wider difference amounting at the maximum to 
about 7 per cent. The coincidence of these curves indicate that 
the formulas have a common base. 


T3 = 


3A Study of the Locomotive Boiler,” by L. H. Fry, Simmons- 
Boardman Publishing Company, New York, N. Y., 1924. 

4“Ratios of Modern Locomotives,’ by H. S. Vincent, Railway 
Mechanical Engineer, vol. 108, November, 1933, pp. 390. : 
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The authors have assumed that the proper determination of a 
tractive-effort curve involves finding the cutoff and mean effec- 
tive pressure for every increment of speed. In other words, the 
cutoff is viewed as a means of varying the mean effective pres- 
sure, instead of being considered as a measuring device for keep- 
ing a constant weight of steam flowing through the cylinders per 
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unit of time. This latter consideration is the ideal toward which 
locomotive designers should work throughout the whole speed 
range but its attainment involves the use of a better system of 
steam distribution than that commonly in use. 


A. Giesi-GiEsLINGEN.’ The writer calls attention to a paper® 
by A. I. Lipetz which was presented at the 1934 Annual Meeting 
of the A.S.M.E. in which was given a method for establishing a 
performance curve for any given steam locomotive of conven- 
tional design. The writer might refer to it as the curve of effi- 
cient maximum performance. Messrs. Young and Pei oppose 
the use of any single performance curve, or speed-pull curve, such 
as worked out by Lipetz and others, on the premises that they are 
not sufficiently defined and that such a curve does not possess a 
significant meaning. Therefore, the authors maintain, a series 
of speed-pull curves should be used, and have shown in this paper 
how to calculate these and how to find the corresponding steam 
consumption. Personally, the writer sees no conflict whatever 
between these methods and believes that one supplements the 
other. A diagram should make this clear. 

Fig. 2 of this discussion, corresponding approximately to Fig. 8 
of the paper, gives for a certain locomotive tractive-effort curves 
for constant cutoffs (light full lines), tractive-effort curves for 
constant steam flow to the cylinders (light broken lines), and a 
single curve of performance tractive effort (heavy full line) such 
as may be obtained by the Lipetz method. Without the heavy 
line, that is withthe results from the authors’ method alone, com- 
plete information is given as to what the locomotive will do under 
various loads, but it is not known just how high the locomotive 
can be strained. The maximum steam generation might be es- 
timated from boiler dimensions, but the authors do not deal with 
this phase of the subject. Therefore, the heavy line is desirable 
since it shows the approximate maximum performance which 


5 Mechanical Engineer, New York, N. Y. Assoc-Mem. A.S.M.E. 

€ “Horsepower and Tractive Effort of Steam Locomotives (Loco- 
motive Ratios),’’ by A. I. Lipetz, Trans. A.S.M.E., vol. 55, 1933, 
paper RR-55-2, pp. 5-42; and vol. 56, 1934, paper RR-56-6, pp. 923— 
933. 
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efficiently may be obtained. It is known, from the derivation of 
the Lipetz curve,® a slight increase in tractive effort can be ob- 
tained, at least at some distance from zero speed, if the boiler is 
forced to the limit. If the tractive-effort curve developed by 
H. S. Vincent* were used then it would be known that we are 
close to the absolute limit of performance that can be expected. 
But if the locomotive is not strained beyond the Lipetz curve, 
then we shall always work safely and efficiently. 

The authors’ method can be used to check the steam consump- 
tion established by the Lipetz method. If it is desired to control 
operation by a valve pilot, the combined results from the chart 
can be used to establish the relation between cutoff and speed for 
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the valve pilot. The writer therefore believes it is evident that 
the Lipetz method and the method presented by Young and Pei 
supplement each other. 

The writer also wishes to discuss a point in which the authors’ 
method should be corrected. For this purpose, Fig. 3 of this dis- 
cussion has been drawn wherein a representative indicator dia- 


Fie. 3 


gram is shown by a heavy line. This diagram is taken from a 
2-8-4-type locomotive with 28 X 80-in. cylinders and 14in. pis- 
ton valves, at 25 per cent cutoff and 222 rpm corresponding to 
40 mph. Fig. 4 of this discussion reproduces, in part, the au- 
thors’ Fig. 4. The authors recommend this later figure for es- 
tablishing the steam consumed per revolution for various cylinder 
sizes. 

Assume that the indicator diagram in Fig. 3 of this discussion 
corresponds to a cylinder of the volume V; which the authors use 
as a basis for comparison. ‘The steam consumed per revolution is 
then a certain unit quantity, as represented by the point en- 
circled in Fig. 4 of this discussion. Now assume that we have 
a cylinder of half the unit volume, working at the same cutoff 
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and with all conditions equal. It would be expected that such 
a cylinder would consume one half of the unit of steam per revolu- 
tion. The light broken line in Fig. 4 of this discussion corre- 
ponds to this expectation. However, the authors’ figures as 
represented by the heavy full line show a consumption of 65 per 
cent of the unit, that is, the small cylinder would consume 30 per 
cent more than expected. On the other hand, it is known that 
the authors assume the mean effective pressure to be independent 
of cylinder size, in other words, the indicator diagram in Fig. 3 of 
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this discussion will be valid for any size of cylinder. This will be 
true if valve gear and steam passages are proportioned in a fixed 
relation to cylinder volume, so that items such as throttling effect 
and back pressure will be the same, no matter how large the cy- 
linder may be. 

Due to the last mentioned assumption on the part of the au- 
thors, the indicated horsepower will be directly proportional to 
cylinder size. In the writer’s example, indicated horsepower 
would be one half of that for the unit cylinder, and therefore, the 
half-size cylinder would consume 30 per cent more steam per 
horsepower-hour than the unit-size cylinder. 

A smaller cylinder will have a higher specific steam consump- 
tion only because it will have a greater loss from leakage and cool- 
ing since the linear dimensions and the surfaces diminish at a 
lesser rate than the volume. However, it seems improbable that 


the difference should be as great as previously indicated. A check 
can be made as follows: 
First, the formula 
0.3 + 0.7 (V2/10.45) V. 
Gi ee [A] 


0.3 + 0.7 (Vi/10.45) V2 


which has been developed from tbe authors’ paper and gives 
the steam consumption per indicated horsepower-hour Cj: 
for the cylinder 2 if we know the steam rate Cj; for cylinder 
1 and the respective cylinder volumes. Suppose cylinder 1 meas- 
ures 29 X 32 in., and cylinder 2 measures 24 X 28 in. Then a 
steam rate is obtained which is 161/; per cent greater for the 
smaller cylinder 2. The writer will try to determine whether this 


result is possible. We can be sure that the excess in steam re- 
quirement due to cooling and leakage for cylinder 1 will not be 
more than 30 per cent of the steam requirement which would be 
obtained if there were no cooling nor leakage. It may be further 
assumed that the excess steam requirement due to these causes is 
proportional to the relation between surface and volume of the 
cylinder. This relation is 2.23 for cylinder 1 and 2.62 for cylinder 
2, that is, 17 per cent more. Therefore, the excess steam require- 
ment for cylinder 2 due to cooling and leakage will be 30 times 
1.17 or 35 per cent. In other words, a cylinder which is about 40 
per cent smaller by volume might consume 4 or 5 per cent more 
steam per horsepower-hour than the cylinder forming the basis 
of comparison. 

This result is supported by tests. For instance, the German 
State Railways found that a three-cylinder locomotive con- 
sumed 4 per cent more steam per indicated horsepower-hour than 
an otherwise identical two-cylinder locomotive, because the vol- 
ume of the individual cylinders is about 33 per cent smaller in 
the case of the three-cylinder arrangement. 

Now, according to this result, the heavy broken line in Fig. 4 
of this discussion may be drawn as representing approximately 
the steam requirement if valve gear and steam passages are of 
constant proportions relative to cylinder volume. 

For the authors’ line of steam requirement, there remains no 
other explanation than that the smaller cylinders had larger valve 
openings and had therefore fuller indicator diagrams for a given 
cutoff. This is actually the case, as shown by a closer investiga- 
tion of the locomotives from which the authors selected their data. 
Therefore, the steam requirement per revolution is greater than 
that corresponding to the heavy broken line, but the mean effec- 
tive pressure is also greater, which the authors neglected. This 
condition requires correction, and formula A will assume a differ- 
ent form. 

The curves could be corrected for mean effective pressure so as 
to correspond to the authors’ curves of steam requirement per 
revolution. However, the writer would rather correct the curve 
for steam requirement as shown by the heavy broken line, be- 
cause it would complicate matters unnecssarily by assuming 
that smaller cylinders have relatively larger steam passages, 
even though this was often the case in older engines, more 
particularly. 

Further, the writer would like to suggest that the mean effec- 
tive pressures be based upon boiler pressure rather than upon ad- 
mission pressure. Since the authors have used boiler pressure for 
the calculation of steam flow, it would be logical and more cor- 
rect to do the same in computing mean effective pressure. Hither 
boiler pressure or admission pressure should be used in both cases, 
but not boiler pressure for the one computation and admission 
pressure for the other. In a method of this character, which neg- 
lects an item as important as steam temperature, for instance, 
boiler pressure seems a sufficiently accurate basis, and adds to 
simplicity. 

The writer agrees with the authors that their method is the 
most direct one that can be used for the purpose. Certainly the 
method of figuring performance on the basis of steam supply and 
specific consumption per indicated horsepower-hour is what might 
be termed an indirect one. Although it is perhaps a matter of 
personal preference which way should be chosen, the writer be- 
lieves that the specific steam consumption is an extremely prac- 
tical yardstick since most engineers are more familiar with it than 
with such a quantity as steam per revolution. Whatever result 
is obtained from the application of the authors’ direct method 
most engineers will check this result by ascertaining whether or 
not steam consumption per horsepower-hour thus obtained is a 
plausible figure. Also, steam consumption changes much less 
over the whole working range of the locomotive than do the 
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ratios used in the direct method. It is a special feature of modern 
well-designed locomotives that steam consumption fluctuates far 
less with speed and cutoff than it did in locomotives of older de- 
sign. Therefore, steam consumption becomes more and more 
useful as a yardstick for approximate calculations. 

Extremely helpful charts can be obtained by plotting the hourly 
steam requirement per unit of cylinder volume against indicated 
output per unit of cylinder volume as shown in Fig. 5 of this dis- 
cussion. Such a chart may be computed from the cylinder having 
the volume V, which the authors used as a basis, and is then 
approximately valid for any reasonable cylinder size. The tan- 
gent of the angle formed between the abscissa and any line drawn 
from the corner of the chart to any point in the chart represents 
the steam consumption per horsepower-hour for that particular 
point. This method of plotting was introduced by the late Mr. 
Strahl in Germany about ten years ago. 

Before closing, the writer would like to discuss in general 
methods for evaluating such items as locomotive performance 
and steam consumption. He believes that three methods are nec- 
essary. The first should be a simple method for establishing a 
curve of reasonable maximum performance, such as the one ad- 
vanced by A. I. Lipetz. The second should also be a simple 
method for expounding conditions outside of that so-called rea- 
sonable maximum performance. This method is the one ad- 
vanced by the authors, supplemented by studies of the boiler. 
These two methods serve every-day requirements. Therefore, 
they must be as simple as possible, and they need not be too ac- 
curate or universal. It is sufficient if they give reasonably cor- 
rect results merely for the types of locomotives in general use at a 
given period, for instance, today. Consequently, these methods 
can be essentially empirical in so far as this helps to achieve sim- 
plicity, and the writer believes that it does not matter much 
whether they be termed ‘‘direct”’ or ‘‘indirect’’ methods, as long 
as they serve their purpose and save time in their application. 

The third method, however, should serve the purpose of finding 
new refinements in engine design. Therefore, it must be essen- 
tially scientific and strictly analytical, and it must avoid indirect 
approach of the subject. The indicator diagram must actually 
be constructed and all phases of the working process must be in- 
vestigated. This is the method which is still being neglected. It 
is usually feared that there are not yet enough data for the proper 
application of such a method, but this is not the case. The data 
are here, but they are usually hidden and unexploited. Fortu- 
nately, the significant feature of scientific methods is that they 
can rely on a few good tests as a basis, instead of referring to 


_ the average of a larger number of tests. 


The writer believes that there are three major possibilities for 
improving locomotive thermal efficiency and performance without 
increasing maintenance. These are (1) improved valve gears 
of the poppet type, (2) utmost reduction of back pressure through 
a scientific front-end design, and (8) moderately higher working 
pressures. However, the attainable economies cannot be ascer- 
tained unless the indicator diagram and the thermodynamic 
working cycle are analyzed scientifically, this being the only way 
of evaluating opportunities and their limitations prior to spend- 
ing money on tests of tentative designs. Such studies will pay 
high dividends. The writer feels that the new Research Division 
of the Association of American Railroads would be the proper 
body to take up that subject among others. As far as the boiler 
is concerned, air preheating certainly offers the greatest oppor- 
tunity. 

Incidentally, the writer would like to stress that high-speed 
locomotives will have to be developed very carefully because, as 
Lipetz’ paper® shows, the performance curve of conventional 
locomotives at more than 250 rpm leaves much to be desired. 

The American steam locomotive has the highest earning ca- 
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pacity among the steam locomotives of the world. Rugged, 
strong and simple design, high availability, and fine operating 
methods are largely responsible for that. However, we are some- 
what behind others in steam and fuel efficiency, and in this re- 
spect have much to accomplish. 


Kennetu S. M. Davinson.’? In the writer’s opinion Messrs. 
Young and Pei have made the most important contribution of 
recent years to the literature of the subject. This paper presents 
a direct logical method of estimating the performance of locomo- 
tive engines. But its true significance lies less in the details of 
that method than in the fact that it attacks the problem from the 
same straightforward point of view that has clarified perform- 
ance estimates of practically all other kinds of power units. Two 
short sentences suffice to state this point of view: 

1 To mean anything, a performance estimate must be accom- 
panied by a definite statement of the operating conditions for 
which it is made. 

2 Ina complete and adequate method for estimating perform- 
ance, every effort must be made to isolate the effects of individual 
variables and to make each constant dependent upon the effect of 
a single variable. 

Even a casual glance at the methods in common use, or others 
recently suggested, for estimating locomotive performance shows 
how completely they fail to meet these simple specifications. It 
is not enough that a method shall give satisfactory answers when 
proper constants are inserted. Unless the true meaning of each 
constant stands out clearly, so that some reasonable Judgment can 
be formed of its probable behavior when the dimensions or pro- 
portions of the machine are altered, the method cannot meet the 
needs of either designer or user. Although there have been sev- 
eral important developments in locomotive design in recent years, 
for example, the introduction of long-travel valve gears, neither 
the desirability of these modifications nor their probable quanti- 
tative effect on performance could be foretold by any of the exist- 
ing methods of estimating. The quantitative effects have eventu- 
ally found their way into the methods, it is true, but by the very 
roundabout procedure of working backward from tests (road 
tests for the most part), to determine new values for obscure con- 
stants not directly related to the modifications themselves, but 
embracing several other variables as well. 

It is difficult to understand why those concerned with steam 
locomotives have been content for so long with the illogical meth- 
ods they have used. There would be reason enough if a locomo- 
tive were radically different in nature from anything else. But 
it is not, and there never has been any sound reason for supposing 
that it could not be analyzed by the straightforward steps com- 
monly adopted in dealing with all other kinds of power plants. 

The most striking thing about the paper is that it refers to the 
engines, without considering the boiler. No more forceful means 
could have been adopted to emphasize what appears to be the 
authors’ contention, namely, that boiler performance and engine 
performance are essentially separable. The writer has been con- 
vinced for a long time that, beyond the fact that they receive 
steam at certain rates and exhaust it at back pressures which de- 
pend only on the size of the blast nozzle, the engines are not in- 
terested in the boiler, and that the boiler cares nothing about the 
engines beyond the fact that all of the steam it generates (except- 
ing auxiliary steam) must be returned to its blast nozzle. It is 
easy enough to think of many secondary ways in which the two 
parts of the machine might conceivably affect each other, but it is 
extremely difficult to find test data to show that any of them are 
important. One of the most plausible of these is the assumption 
that drafting is affected by differences in the rate of exhaust im- 


7 Assistant Professor of Mechanical Engineering, Stevens Institute, 
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pulses. There is very direct evidence to show that this does not 
happen. Fig. 6 of this discussion (the data are from Pennsyl- 
vania Railroad Bulletin No. 32) is a typical chart of boiler effi- 
ciency against firing rate. This is the kind of chart which Fry 
investigated at such length in his competent analyses of boiler 
performance.® Fry’s procedure has been followed in plotting all 
tests, regardless of speed, on the same chart, but the points have 
been labeled with the speed at which each test was made. The 
points group themselves about a straight line thus bearing out 
Fry’s view but, more than that, it is apparent that wide variations 
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of speed cause no systematic changes of boiler efficiency. If the 
variation in rate of exhaust impulses had any appreciable effect, 
it would certainly alter the boiler efficiency. 

The idea of separating boiler and engine performances appears 
to be a fundamental, vital step in clarifying the whole problem. 
Fry assumed them separable in his work on the boiler and found 
no oceasion, in that work, to refer to the engines at all. In reality, 
Young and Pei have carried on where Fry left off and, by clarify- 
ing the problem of the engines, as he clarified the problem of the 
boiler have done much to complete the task. 

With Fry’s method for boiler analysis and the methods of the 
present paper for engine analysis, a complete logical procedure 
for estimating locomotive performance and economy is available. 
It is entirely fitting that the present paper should omit any refer- 
ence to boiler performance and yet it might have made a stronger 
general appeal if one or two cases had been worked out from be- 
ginning to end. 


AutTHors’ CLOSURE 


The authors appreciate the kindly and pertinent criticisms of 
their paper, which seem to call for few comments. 

Mr. Vincent’s suggestion that we do not recognize a maximum 
limit is rather surprising in view of the material contained in the 
fifth paragraph of our paper stating three different limitations 
which might impose themselves. In a general analysis of the 
problem, however, this limit cannot be fixed; it must be applied 
with regard to a specific case. We quite agree that in general 
the boiler output will be the limiting factor, but we continue to 
doubt that this limit, as determined by evaluation of Mr. Fry’s 
constants may be considered a practicable operating condition 
for any circumstances, and it remains for some one to determine 
how much the boiler is to be forced. 

Dr. Giesl-Gieslingen makes a most useful comment in 


8 “A Study of the Locomotive Boiler,’ by Lawford H. Fry. Sim- 
mons-Boardman Publishing Company, New York, N. Y., 1924. 
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differing with us as to the slope of the curve by which the steam 
per revolution for smaller cylinders is to be determined. The 
data for the construction of this curve, in so far as they have 
been published, leave difficult gaps to be filled. We discovered 
in making the chart for speed-cutoff mep (authors’ Fig. 7), the 
fact which he states, that the mep for some of the smaller locomo- 
tives was larger than would be expected, and considerable incon- 
sistency was shown, which led us to adopt for this figure from 
the Pennsylvania K-4s, as stated on page 339, Vol. 57, of the 1935 
AS.M.E. Transactions. We cordially agree with our critic 
that compensatory alteration in Fig. 4 is preferable to attempting 
to change Fig. 7, even though there is thereby introduced some 
departure from rationality. 

Professor Davidson agrees with our viewpoint on the legitimacy 
of separating the steam-production and steam-consumption 
processes. The most satisfactory procedure in estimating boiler 
performance is the proper evaluation of the constants in Fry’s 
efficiency equation to take into account the quantity and quality 
of the fuel, the grate area, front end arrangement, combustion 
volume, heating surface, or such other conditions as affect the 
generalization of these coefficients. We hope at an appropriate 
time to present such an analysis. 


Pitot-Tube Practice’ 


R. J. S. Picorr.? Referring to the statement quoted by the 
author, that the pitot tube overreads in turbulent flows, it may” 
be desirable to clear up this terminology a little. In strict 
language, the pitot tube as discussed by Mr. Cole was not, 
in any of the devices tested, operated in anything except turbulent 
flow, since the Reynolds numbers are always very much above the 
critical value, beyond which viscous flow of any kind cannot 
subsist. Turbulent flow occurs around the pitot tube, in‘all three 
methods of measurement; that is, by the boom, in the venturi 
throat, or in the 12-in. steel pipe. It is solely on account of the 
fact that the flow is turbulent that the resistance, above the 
Reynolds critical number, is proportional to the square of the 
speed, instead of the first power as in viscous flow. It is believed 
that what is meant in this case by “turbulent flow” as used by 
Mr. Cole, is regular or eddying flow or, in other words, local 
alterations of the velocity traverse, and also the direction of the 
current. Such subsidiary conditions are due, in general, to 
disturbances such as elbows, gate valves, or any irregularities 
in the pipe ahead of the measuring device; are generally unsteady; 
and should not be confused with the normal internal turbulence 
of the fluid, which is never absent in speeds above the Reynolds 
critical value. Therefore, apparently what is meant by classing 
the venturi-throat flow as “smooth” is that these fortuitous 
local eddies are absent in this case. 

As a matter of fact, they were also largely absent in the 12-in. 
steel pipe, as indicated by the relatively undisturbed symmetry 
of the velocity traverse. Indeed, it is these fortuitous disturb- 
ances of flow in which we are chiefly interested, in so far as 
the behavior of the pitot tube itself is concerned. 

As the writer understands it, the coefficient of a pitot tube, as 
used in water-water studies, is the ratio of the pitot velocity to 
true velocity (any reading) and the pipe factor is the ratio be- 
tween the mean velocity (as represented by the flow rate divided 
by pipe area) and the maximum velocity at the center of the pipe. 
From theoretical considerations, and also from the enormous 
number of velocity traverses which have been made, it is obvious 


1 Published as paper HYD-57-8, by E. S. Cole, in the August, 1935, 
issue of the A.S.M.E. Transactions. 

2 Staff Engineer in Charge of Engineering, Gulf Research and 
Development Corporation, Pittsburgh, Pa. Mem. A.S.M.E. 
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that this latter ratio ought to be 0.50 in the viscous region, with 
which we are seldom dealing in any kind of water flows, and 
should continuously increase up to very high Reynolds’ number, 
in which case it becomes 0.95 or even higher in the case of air 
flows. 

The Bureau of Standards’ and other tests on nozzles indicate 
that the value is as high as 0.99 for high gas speeds. It is notice- 
able that in all these very high Reynolds’ number cases, the 
velocity traverse is almost absolutely flat, just as shown on the 
venturi-meter throat by Mr. Cole. If this hinderstanding is 
true, then we should expect that the coefficient or constant of the 
pitot tube is actually constant for any design if it is reading true 
kinetic head and true static, but the pipe factor should increase 
with Reynolds’ number in any given pipe. However, the coeffi- 
cients as given by Mr. Cole for the 12-in. pipe, both corrected 
and uncorrected, show a decrease with increase of velocity, which 
in this case is the same thing as an increase in Reynolds’ number. 

At first glance, it would therefore appear that the behavior of 
the tube is out of line with theory. However, the writer does not 
believe this is the case at all, but is due to a condition which is 
apparently not yet clearly recognized, that is, just what the 
projected area of the tube rod or support does to the readings. 
It is the writer’s opinion that neither a complete correction for 
the full projected area, as affecting the mean velocity, nor an omis- 
sion of this correction, is proper. 

A brief consideration of the physical conditions around the tube 
indicates that it ought to be somewhere between these two values, 


~ and that the value will vary with the position of the leading and 


trailing tubes relative to the body of the rod, and also with the 
rod shape. It is obvious that the leading tube, in the cases of 
Figs. 4, 5, and 6 of the paper cannot be in any way affected by the 
shape or size of the tube rod inasmuch as the impact reaches the 
opening before any change in stream cross section has taken place. 
The kinetic head therefore must represent the true velocity 
regardless of the shape or size of the tube rod. This condition is 
even true of the heavy-duty rod, the dimensions of which are 
shown in the author’s Fig. 29. Therefore, any variation of the 
coefficient from what would be expected by simple theory, must 
be traced to the static tube which has its opening perpendicular 
to the flow of the stream or completely trailing, as in the Cole 
and other similar tubes. : 
Obviously, in Fig. 6 of the paper the trailing tube is reading 
static in a region which has been affected by the reduction of 
area due to the body of the tube. Reconversion of velocity to 
static head is incomplete and the static is lowered. It is rather 
difficult to say how much it is lowered because the increase of 
velocity of the stream past the support of the tube may have 
very little effect at the point where the tube tip is located. In 
the case of the tubes shown in Figs. 5 and 6 of the paper, the body 
of the tubes can have very little effect, if any, upon the static 
readings, because even the static readings in this case are up- 
stream from any disturbances or changes of velocity caused by 
the tube rod. There is ample experimental evidence to show 
that these tubes do not show the effect of support obstruction. 
It is obvious that the only correction for change of area in the 
case of the author’s Figs. 5 and 6 should be for the area of the 
nose of the tube only, and not for the rod supporting the tube. 
In the case of the author’s Figs. 6 and 22, the correction can only 
be a part of that due to the increased velocity past the body be- 


cause disturbances of this sort are very largely local and the 


velocity of the liquid passing the tips of the tube will be af- 
fected chiefly by the change of section in the narrow portions of 
the support in this region, and very little by the main body of 
the support. 

As has been mentioned previously, since the velocity traverse 
in the pipe changes with speed, viscosity, roughness, and absolute 


size, it should be expected that there would be a change of pipe 
factor, as shown in Prof. Pardoe’s tests on different pipe sizes 
independent of the tube coefficient proper. 

The writer believes that the change of overall coefficient is 
due much more to diameter and roughness conditions, for the 
University of Pennsylvania tests, than to the tube rod, although 
this may still be quite perceptible and will certainly vary with the 
actual shape of the structure. In the case of the Cole tube, in 
which the trailing orifice is a noticeable distance downstream 
from the body of the tube, and fairly close to the main body of 
the rod, it is quite possible that incomplete reconversion of the 
increased velocity, opposite the body of the tube, should some- 
what lower the static reading, and this effect would be larger 
with increased velocities. If this is true, the decrease of overall] 
coefficient with increasing velocity is easily accounted for. 

Some years ago, the writer had tests made on reversible tubes 
(impact and trailing) very similar in body structure to the heavy- 
duty tube shown in Fig. 29 of the paper. These tubes gave 
depression of the static by the trailing tube to the extent that the 
apparent head was reading from 15 per cent to 20 per cent high. 
The writer believes Dr. Moss of the General Electric Company, 
could provide considerable test data on this subject, as he was 
forced to work it out in connection with high-speed air streams. 
The writer is of the opinion that Dr. Moss reached some very 
definite conclusions as to the effect of body proximity on the 
reading of the tube. 

The writer does not believe it is safe either to neglect the area 
correction, or to assume that the body of the rod acts as a com- 
plete obstruction to change the velocity at the tube. The true 
answer can only lie in between these two values. The variation 
in results obtained in tests of the different laboratory set-ups 
tends to corroborate this hypothesis. 

There is general agreement that the normal coefficient of the 
pitot tube without trailing downstream openings, when reading 
kinetic and static heads correctly, is practically unity and that all 
values of coefficients less than 1.00 are traceable, not to the tube, 
but to the situation of the tubein its surroundings. Under these 
circumstances, it would be expected that the coefficient of the 
tube, as tested on the boom in still water, ought to be substan- 
tially 1.00 throughout, provided there is no alteration of the 
static reading by the position of the trailing orifice, and that in 
the 16-in. venturi throat, the overall coefficient, which is the 
product of the tube coefficient and the pipe factor, ought to agree 
exactly with the ratio of mean velocity to maximum velocity, as 
shown in the traverses in Fig. 12 of the paper. The coefficients 
given for the 12-in. pipe do agree relatively closely with the 
corresponding velocity ratios given in the traverse in Fig. 12 of 
the paper, the differences (the writer believes) being largely 
traceable to the trailing tube being in a position to read slightly 
lower static than the undisturbed value, with no obstruction. 

One condition of the tests which makes it a little difficult to 
develop a full hypothesis of the behavior of the pitot tube as 
actually installed, is that all of the tests were made on water, 
and with relatively small ranges of Reynolds’ number. 

To get a complete knowledge of the pitot-tube behavior, it 
would be necessary to make tests on liquids with very much 
higher viscosity, and also to correlate with tests on air and other 
gases, so as to get a very large range of Reynolds’ number, as 
has been done in the cases of the disk orifice, the venturi tube, 
and the nozzle. In spite of the foregoing differences of opinion 
as to the causes of some of the variations of coefficients, the writer 
wishes to support the author’s position, namely, that there is 
plenty of evidence to show that the pitot tube has an easily 
determinable and reliable coefficient, and that the device is 
inherently just as accurate as any of the other primary devices 
now used, provided it is properly installed and handled. There 
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is no question that, for the purpose for which the author largely 
uses this type of device, it is very much more convenient and 
less expensive than any of the other primary devices, such as the 
disk orifice and the venturi. 

It must be said, however, that if the pitot tube is to take 
the position as a primary measuring device that it should occupy, 
a more complete study of its behavior in a wider variety of liquids 
than cold water, and in a wider range of pipe sizes and rough- 
nesses, must be made in order to determine more completely 
those circumstances which alter the apparent coefficient. 

It appears, from a study of all three of the principal primary 
devices, that the coefficient of the venturi tube and the rounded- 
approach nozzle is less than 1.00 almost entirely on account of 
pipe friction in the upstream cone; that the coefficient of the 
sharp-edged disk orifice is almost entirely a coefficient of contrac- 
tion with little friction involved, and lastly, that the overall 
coefficient of the pitot tube, placed on the axis of the pipe, is 
largely a question of the normal velocity traverse in the pipe, and 
the coefficient of the tube itself, as determined by the position 
of static openings. 


Frank H. Roagmurs.* Mr. Cole’s paper is a very interesting 
résumé of the research work over a long period of years on the so- 
called “‘combined type” of pitot tube. Most of the test results 
shown in the paper were made on the tube shown in Fig. 6, 
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called the “reversible type’’ as the dynamic orifice and pressure 
orifice are 180 deg apart so that readings may be checked by 
turning the tube 180 deg. 

From the results of these tests, Mr. Cole concludes that tur- 
bulence has little, if any, effect upon the form of pitot tube shown 
in Fig. 4 as the coefficients obtained in flowing water in a 12-in. 
pipe, in flowing water in the throat of a venturi meter, and by 


3Chief Engineer, I. P. Morris Division of Baldwin-Southwark 
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still-water rating agree within practical limits. Mr. Cole also con- 
cludes that angularity of flow in normal pipe lines is not as great 
as has been claimed as the tests he made in the 12-in. pipe showed 
angularity of not more than 5 deg. 

The summary of the results as given in Fig. 25 of the paper 
show, for the flow conditions of these tests, very good agreement 
of the coefficients obtained in the 12-in. pipe, at the throat of the 
venturi meter and by the still-water ratings, the maximum varia- 
tion between these three methods of calibration being about 
1 per cent. 

In these tests, however, the flow conditions in the 12-in. pipe 
should be almost ideal. The gaging section was located 38 
diameters from the nearest upstream bend, and baffles were used 
at this point to minimize disturbance in flow. The excellent 
symmetry of the horizontal and vertical traverses, as shown in 
Fig. 13 of the paper, proves that very smooth flow occurred, 
and very little angularity would be expected. These calibrations 
should, therefore, be reliable if this tube is used in small pipes 
under similar good flow conditions. If used in pipe lines of large 
size or in small pipes where some turbulence was present, the 
writer would expect to obtain a considerably lower coefficient. 

This is due principally to (1) angularity of flow causes the 
dynamic orifice to read higher velocity than the cosine curve, 
and (2) angularity of flow causes a considerable increase in the 
suction action on the pressure orifice. 

The first effect is small compared to the second as shown by 
the typical polar diagram readings, Fig. 1 of this discussion. For 
straight-line flow it is seen that the velocity head, VH, read by 
the tube is slightly greater than the true velocity head due to 
the suction which occurs on the pressure orifice at 180 deg from 
the dynamic orifice. For angular flow of say 15 deg, however, 
the velocity head read by the tube is considerably greater than 
the true velocity head due to the fact that the dynamic orifice 
reads slightly above the cosine? curve and the pressure orifice 
reads considerably below the true pressure. Thus, for an angular 
flow of the previously given amount, the coefficient of this type 
tube would be considerably reduced. 

To give accurate results, therefore, this type of pitot tube 
should be calibrated under conditions of flow similar to the con- 
ditions in the pipe or conduit in which it is to be used. It is 
also recognized by engineers in this line of work that in large 
pipes angularity or turbulence is usually greater than in small 
pipes due to the less effective guiding influence of the walls in 
the former. Hence, the coefficient of a combined tube, deter- 
mined for a small pipe, is not reliable when this tube is used in 
a large pipe. ; 

The simple tube used in conjunction with piezometer open- 
ings in the pipe wall is subject to this same error, but to a much 
less degree due to the fact that the dynamic orifice overregisters 
only sightly for considerable angularity of flow and the wall 
piezometers give the correct pressure at all times. 

As an example of these conditions, let us assume that the 
combined-type tube is calibrated in a pipe where the average 
angularity of flow is 10 deg. Then from Fig. 27 of the paper, 
this tube will give a velocity about 3.3 per cent higher than if no 
angularity existed. If this calibration is used in measuring the 
velocity in another pipe where the average angularity is actually 
only 5 deg, the tube would read only 1 per cent higher than in 
straight-line flow, which results in an error of —2.3 per cent. 

If this same tube is used in another pipe where some turbulence 
exists and the average angularity is actually 15 deg, the tube 
would read about 6.3 per cent high, or an error, as compared 
with the calibration used, of +3 per cent. 

Under these same conditions, if a simple-type tube is used in 
conjunction with wall piezometers, and this tube were calibrated 
in a pipe where the average angularity was 10 deg, the tube would 
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read about 1 per cent high. If this calibration is used in measur- 
ing the velocity in another pipe where the average angularity is 
actually only 5 deg, the tube would read about 0.2 per cent high, 
or an error of —0.8 per cent. If this tube were used in another 
pipe where the average angularity is actually 15 deg, the tube 
would read about 2.5 per cent high, or an error of +1.5 per cent. 

These values for the simple tube are taken from a series of 
tests made by the writer in the flume of the Rensselaer Poly- 
technic Institute at Troy, N. Y., in 1910, in a still-water rating 
tank. A number of different simple tubes were tested for the 
effect of angularity of flow and the results of the tests of one of 
' these tubes, known as tube B, is shown in Fig. 2 of this discus- 
sion. This type of pitot-tube nozzle is generally adopted for 
use in large pipes or penstocks. 

It is evident that for the conditions of flow previously assumed, 
the possible error for the combined tube is from 2 to 3 times as 
great as for the simple tube. 

The simple tube in connection with wall piezometers is generally 
used to determine the flow in large pipes or penstocks in hydraulic 
turbine tests. Its coefficient has a comparatively small range 
of values. For normal conditions of flow the coefficient may vary 
from 0.97 to 0.98. For extremely turbulent flow, such as some- 
times occurs in large intakes of varying cross sections, the value 
of the coefficient may fall as low as 0.94 and for ideal flow con- 
ditions,‘ such as occur in a smooth small-diameter straight pipe 
at high velocities or at the throat of a venturi meter, the value 
of the coefficient will be very close to unity. 

A number of tests have been made in large pipes to determine 


4“Research Investigation of Current-Meter Behavior in Flowing 
Water,” by S. Logan Kerr, Trans. A.S.M.E., vol. 57, no. 6, August, 
1935, paper HY D-57-9, p. 295. 


the coefficient of the simple tube by comparison with the flow 
determined by other accepted methods such as the weir. As an 
example, in the test of a 10,000-hp turbine at Niagara Falls, 
pitot-tube traverses were made in two 5-ft diameter penstocks, 
and the flow obtained from the tubes compared to the flow 
measured by a weir. These showed a coefficient for the pitot 
tube of 0.9763. Another test was made on a 6000-hp turbine 
at Shawinigan Falls where traverses were made by pitot tubes 
in a 9-ft diameter penstock, and the discharge compared to that 
measured by a weir. In these tests the value of the coefficient 
varied from 0.9761 to 0.9785. In view of these tests and a num- 
ber of similar tests made by various turbine manufacturers, an 
average value of 0.9763 was selected by the Machinery Builders’ 
Society and appears in their Standard Testing Code issued in 
1917. It is believed that for the normal flow conditions usually 
encountered in large penstocks, this value of the coefficient is 
correct within about 0.5 per cent. 

Due to the fact that in actual practice this coefficient is less 
than unity, it is apparent that angularity of flow, due to tur- 
bulence, is usually present in large pipes, and if angularity tests 
shown in Fig. 2 of this discussion are referred to, a coefficient of 
0.9763 would be equivalent to an angularity of about 15 deg or 
slightly less. The small angularity of 5 deg mentioned by Mr. 
Cole in the paper may, therefore, be correct for small straight 
pipes free from bends, where very little turbulence occurs, but 
for the usual conditions in power developments where large-size 
pipes are used, it would appear that the average angularity of 
flow is considerably greater. 

Mr. Cole presents some very interesting data in connection 
with the correction which should be applied to the coefficient due 
to the presence of the pitot tube itself. The curves in Fig. 18 
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of the paper, show that for the combined tube used, some cor- 
rection should certainly be made for the projected area of the 
pitot-tube rod. It is the writer’s opinion that this correction for 
the rod is not necessary for the dynamic orifice of the tube, but 
is required for the pressure orifice, due to the fact that the area 
of the rod has little or no effect on the velocity conditions up- 
stream from the rod. On the other hand, the pressure opening 
is located slightly downstream from the rod, and undoubtedly 
the effect of the rod on the area of the pipe at this point is ap- 
preciable and should be corrected as outlined in the paper. 

The writer believes there is a field of application for both the 
combined tube described by Mr. Cole, and the simple tube. The 
field for the former is primarily in measuring the flow in relatively 
small-size pipes where the flow conditions are particularly good 
and where but little turbulence or angularity occur. In the case 
of small pipes, it would be very difficult at times to install wall 
piezometers which would give accurate readings. It is always 
necessary when using wall piezometers to have the surface of 
the pipe near the piezometers absolutely clean and smooth, so as 
to avoid eddies. When tests are being made in old pipes where 
the interior surface is rough and cannot be properly cleaned before 
the test, the use of wall piezometers would certainly involve con- 
siderable errors, and the combined tube is certainly preferable. 
For larger pipes where proper piezometers can be installed, and 
the inside surface made smooth, the simple tube will give the 
most reliable results. 


Joun G. Surron.® The following comments relative to the 
pitot tube apply particularly to drainage pumping plants but 
most of them are equally applicable to irrigation plants. It 
seems that the pitot tube should find wider use by engineers in 
private practice handling problems connected with drainage and 
irrigation plants and that these engineers should use this instru- 
ment regularly to determine the efficiency of plants under their 
supervision. The writer’s experience with the use of the pitot 
tube extended over five years while employed by the U. S. De- 
partment of Agriculture on some investigations relative to drain- 
age pumping plants.® 

The pitot tube is a very accurate and dependable instrument 
for measuring flow of water in pipe lines. In the writer’s opinion, 
the discharge of a pump can be determined with 97 per cent ac- 
curacy in a field test using a carefully rated instrument. In 
measuring the discharge of drainage plants the writer used the 
Tulane pitot tube developed by W. B. Gregory, which is mentioned 
in Mr. Cole’s paper. The tubes used in this work were rated 
every year or two at the hydraulic laboratory of the Colorado 
State Agricultural College at Fort Collins, Colo., or at the U.S. 
Bureau of Standards, Washington, D. C. Ratings at both 
places were made by means of a car operated at different speeds 
on metal tracks over still water. At velocities ranging from 4 to 
13 fps the coefficient was found to range from about 1 to 3 per 
cent above unity. Results were sometimes erratic at velocities 
below 4 fps. The coefficient of each tube did not materially 
change from year to year. 

During investigations previously mentioned probably half of 
the tests were made on discharge lines where the pipe was flowing 
under vacuum. Under such conditions a small amount of air 
usually seeped into the instrument, necessitating frequent re- 
moval by means of a vacuum pump. ‘The type of tube used, 
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having air above the U-tube, performed very satisfactorily under 
these conditions. These instruments had considerable fluctua- 
tion in the water columns. An attempt was made to obtain a 
high degree of accuracy by averaging the fluctuations for each 
reading and making a large number of readings. The velocity 
was determined at ten points on rings of equal area. Hight 
readings usually were obtained at each of the ten points, or 80 
readings were averaged to determine a point on the head-capacity 
or efficiency curve. By taking a large number of readings it 
was practicable to discard those that were inconsistent. With 
an experienced assistant, it was necessary to discard less than 1 
per cent of the readings. 

Horizontal and vertical ratings were made and averaged on 
pipes where the greatest accuracy was required, or where con- 
ditions were not favorable to obtaining accurate ratings by a 
single vertical rating. Under worse conditions the average 
velocities measured by the horizontal and vertical traverses did 
not differ by more than 6 to 8 per cent. After the relationship 
between average velocity for horizontal and vertical traverse 
was once established, only the vertical rating was taken in 
subsequent tests. 

Some very interesting velocity curves were frequently obtained 
near bends in pipes. During some tests the velocity was about 
12 to 14 fps near one side of the pipe, around 10 fps at the center, 
and 6 to 8 fps at the other side. In other pipes, symmetrical 
curves were obtained with the velocity at the quarter points 
exceeding the center velocity by as much as 2 or 3 fps. 

No reduction in cross-sectional area of the pipe due to the pitot 
tube was considered necessary for the type of tube used, because 
of its L shape. The impact point in most cases on an average 
was about 6 in. in front of the vertical supporting tube, but varied 
with the size of the instrument. In the writer’s opinion, this 
tube measured the velocity at the impact point and the reduction 
in cross section of flow was, under the conditions of the tests, too 
small to be considered. 

It was always more convenient and sometimes necessary to 
insert the tube in the discharge pipe while the pump was not 
running. Stopping a pump at a drainage plant for a short period 
is ordinarily not objectionable. 

Difficulty was experienced in taking ratings when the tem- 
perature was at the freezing point or below. Water froze readily 
in the small pipes of the pitot tubes and made accurate readings 
impossible. It was found necessary to arrange the pump test 
when the temperature was at least several degrees above freez- 
ing. 


W.S. Parpor.? <A pitot tube when used as a measuring device 
is just as good as its calibration and as rods Nos. 162, 403, and 
617, mentioned in the paper, were each calibrated in Professor 
Allen’s laboratory under three different conditions, it would 
appear that these tubes have been calibrated very well and the 
results speak for themselves. 

Tube No. 617 was also calibrated in the hydraulic labora- 
tory of the civil engineering department of the University of 
Pennsylvania, in 12-in., 10-in., 8-in., and 4-in. pipes, giving the 
curves shown in Fig. 19 of Mr. Cole’s paper. In Fig. 3 of this 
discussion, the writer has reproduced Mr. Cole’s Fig. 15 showing 
the calibration of tube No. 617 by the boom method, as well as 
the calibration ina 16-in. venturi throat and in a 12-in. pipe at 
Worcester Polytechnic Institute. On this curve, the writer has 
placed the U. of P. calibration in a 12-in. pipe. The agreement 
with Professor Allen’s curve is very close. 

The boom calibration in still water is equivalent to calibration 
in streamline flow and gives a value of coefficient higher than 


7 Professor of Civil Engineering, University of Pennsylvania, 
Philadelphia, Pa. 
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the calibration in the 12-in. pipe. The writer believes this is 
entirely reasonable. When Professor Allen places the pitot tube 
in the 16-in. venturi-meter throat he places it in a region of 
shooting flow because the stream lines are parallel. Hence, he 
obtained the same coefficient as by means of the boom, but when 
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Fic. 4 CanipraTion Curves FoR COUNTERBORED-PoInT, TURNED- 
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the tube was calibrated in turbulent flow in the 12-in. pipe the 
coefficient was about two points lower. This is about what 
could be expected. 

Some time ago experiments were conducted on a plain pitot 
tube with wall connections for various types of tip. This is shown 
in Fig. 4 of this discussion. The counterbored type gave a 
coefficient of about 0.98 and the calibration was fairly flat. The 
turn-point tube averaged about 0.985 and had a distinctly rising 
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characteristic. The square-point tube gave a maximum coeffhi- 
cient of 0.98 and varied more than either a counterbored or a 
turn-point tube. The velocity traverses shown in Fig. 4 of this 
discussion for the counterbored point are typical of turbulent 
flow in an 8-in. pipe. 

This tube was moved upstream 6 in. after a gradual decrease 
from 24 in. to 8 in., giving a condition quite similar to that ob- 
tained by Professor Allen in a 16-in. venturi throat. The result- 
ing curves are shown in Fig. 5 of this discussion together with the 
pipe arrangement. It will be observed that the average value of 
the coefficient is 0.995 and it approaches 0.997 as a maximum. 
It will be reasonable to assume that such a tube will give a co- 
efficient of unity on Professor Allen’s boom. It will be observed 
that the coefficient rose from 0.98 in turbulent to 0.995 in shooting 
flow, this being an increase of 0.5 per cent, which is a fairly close 
check of the variation shown in the case of tube No. 617 in Mr. 
Cole’s paper. 

This variation in coefficients in different types of flow is 
probably due to the fact that the pitot tube in diagonal flow 
measures a head greater than that due to the cosine function. 
Hence, it will overrecord and give a coefficient of less than unity 
in turbulent flow. The writer could introduce a great deal of 
information to indicate that the coefficient of plain pitot tubes 
in turbulent flow is very close to unity, but believes that this is 
unnecessary. 


(Discussion following was given jointly with the paper by W. 
M. White and W. 8. Rheingans.®) 


W. B. Gregory.’ The pitot tube has become in recent years 
an instrument of precision and reliability. It is made and used 
in many forms; knowledge regarding its peculiarities, limitations 
and adaptability is being accumulated through papers such as 
presented by Mr. Cole and Messrs. W. M. White and W. J. 
Rheingans.°® 

The writer developed an interest in the pitot tube when 
he was a student at Cornell University. A thesis on the testing 
of the hydroelectric power plant of the Ithaca Street Railway 
Company developed the necessity for some means of measuring 
the velocity of water in a penstock 5 ft in diameter and more than 
100 ft long. A conference with Prof. I. P. Church resulted in the 
construction of the crude tube of Fig. 4 of the paper by E.S8. Cole. 
It was calibrated by pouring red coloring matter into the intake 
and recording the time for the color to appear from a small tap 
about 95 ft down the pipe. In spite of the crudities involved a 
fairly satisfactory calibration was obtained. In fairness to 
Professor Church it should be said that the tube was designed by 
the writer. 

The writer’s next use of the pitot tube was in New Orleans 
in connection with the test of the Jourdan Avenue Drainage 
Pumping Station during the period between 1897 and 1900. 
Another pitot tube was built which gave correct results when 
W. M. White calibrated it later by drawing it through still water 
in the Jourdan Avenue Canal. Both the tubes previously men- 
tioned by the writer had satisfactory impact tubes but failed to 
record the correct static pressures. 

In 1901 W. M. White showed that it is relatively easy to con- 
struct the impact tube to give correct readings but that the static 
readings are often increased because of the turbulence of the fluid 
in the vicinity of the static openings.}° This paper reported a 

8 “Photoflow Method of Water Measurement,” by W. M. White 


and W. J. Rheingans, Trans. A.S.M.E., vol. 57, August, 1935, p. 
273. 

® Professor of Experimental Engineering and Hydraulics, Tulane 
University, New Orleans, La. Mem. A.S.M.E. 

10 “The Pitot Tube; Its Formula,’’ by W. M. White, The Journal 
of the Association of Engineering Societies, vol. 27, August, 1901, 
p. 35. 
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masterly piece of research and suggested a form of tube with con- 
stant of unity. It consisted of separate pipes for impact and for 
static readings and was not suited for use in making traverses of 
pipes or conduit where pressure and velocity readings are de- 
sired at the same point. The writer’s contribution to the pitot 
tube was the combining of the two tubes, by placing one within 
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the other, utilizing the principles pointed out by White. The 
first tube, shown in Fig. 6 of this discussion, was made at Tulane 
University and is still in use. A dimensioned drawing of the 
Tulane pitot tube is shown in Fig. 7 of this discussion. 

As noted previously, White calibrated the tubes by drawing 
them through quiescent water and obtained a constant of unity. 
Later, when the tube was used in pipes where the flow was turbu- 
lent, a constant of slightly less than unity was used by some ex- 
perimenters. 

The Gregory and Maltby pitot tube was not developed nor 
used at Ithaca, N. Y., as mentioned by Mr. Cole, but at West 
Memphis, Tenn., where the headquarters of the dredging fleet 
of the Mississippi River Commission was located. The tube 
was designed and built in 1903 by F. B. Maltby, superintendent 
of dredging; the writer assisted while it was being calibrated by 
means of floats. 

About 1905 A. B. Wood of the Sewerage and Water Board of 
New Orleans built three tubes which have been used in hundreds 
of tests of hydraulic machinery. In some cases where the tube 
was used, traverses were made of pipes discharging into or from 
concrete basins where volumetric checks were made. The con- 
stant was found a repeated number of times to be practically 
unity. Although this work was done about thirty years ago, 
Mr. Wood and his assistants still use the pitot tube and believe 
its constant is near unity. The writer has used the pitot in 
hundreds of tests and has usually employed a constant of unity. 
What other method of water measurement can be used with a 
probable accuracy of 2 per cent which is at all comparable with 
the pitot tube in cost and ease of manipulation? 

The simple form of the pitot tube with wall piezometers was 
used by Dr. E. W. Schoder and the writer at Cornell University in 
1907 and 1908. Velocities obtained by means of the tube were 
compared to those from a carefully calibrated nozzle.!! The 
following is quoted from the paper. “The results indicate an 
average error of about 1 per cent while the greatest error is about 
3 per cent. As variations as wide as the above may be expected 
in work of this kind, even when conducted with the greatest 
eare, the conclusion that the coefficient of the tube is unity is 


1l“Some Pitot Tube Studies, the Distribution of Velocities and 
Pressures in Straight and Curved Portions of Six-Inch Water Pipe,” 
by W. B. Gregory and E. W. Schoder, Trans. A.S.M.E., vol. 30, 
1908, p. 351. 


justified. Probably a greater number of traverses would have 
given an average still nearer to unity.” 

In an experience in measuring water extending over many 
years the writer has had many opportunities to compare results 
obtained by means of the pitot tube with other means of water 
measurement. He has used it in flumes having velocities of 
about 4 fps and has obtained results which check closely those 
from a current meter. This has been done many times. In 
the test of the Connersville Pumps at the Neches Canal, Beau- 
mont, Texas, 1906, where the two instruments were used al- 
ternately the average of 9 readings with the current meter gave 
a discharge of 152.99 cu ft per sec while the average displacement 
of the pump for corresponding readings was 152.90. The pitot 
tube for 12 readings gave average discharge of 152.79 cu ft per 
sec while the average displacement of the pump for these read- 
ings was 152.92. The greatest deviation of any single reading of 
slip was less than 2 per cent from the mean; some were negative 
and some positive and the average slip was zero. A repetition 
of this test in 1915 by the writer and Prof. W. Trinks, gave for a 
shorter test, a slip of 0.79 per cent and substantial agreements 
in main results. 

In Louisiana and Texas with irrigation and drainage pumping 
plants to be tested the pitot tube has been the instrument that 
has made these tests possible at reasonable cost. Flumes are 
often found in irrigation plants and if the flume is sufficiently 
long and other conditions are favorable a current meter may be 
used. But in pumping plants for drainage it is seldom that 
conditions are found which are favorable to the use of any instru- 
ment but the pitot tube. Often it must be used in a suction pipe 
or pipes. After using the instrument in many cases where re- 
sults could be compared and evaluated the conviction has grown 
that the tube used intelligently is an accurate instrument. 

The question is, how accurate? The answer must be obtained 
from calibrations which can be checked by weighing or by volu- 
metric measuring. This has been done for the pitometer in the 
hydraulic laboratories of Worcester Polytechnic Institute and at 
the University of Pennsylvania as described in Mr. Cole’s paper. 
Only in the last two or three years have the facilities for accurate 
calibrating of the pitot tube been available in the Tulane Hy- 


12 “Test of a Rotary Pump,” by W. B. Gregory, Trans. A.S.M.E., 
vol. 28, 1907, p. 745. 
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TABLE 1 PITOT-TUBE CONSTANTS OBTAINED AT TULANE 
HYDRAULIC LABORATORY 
Static Time for Velocities by 

Test Travan pressen COOOL D yee Coef 

no. Date erse from sec Weight Pitot c 
1 11-16-34 H W.P. 27.87 6.187 6.311 0.9803 
2 11-16-34 H W.P. 27.95 6.171 6.321 0.9782 
3 3-12-35 H Pitot 27.85 6.190 6.380 0.9700 
4 3-12-35 H Pitot 27.85 6.195 6.344 0.9780 
5 3-16-35 H Pitot 27.90 6.175 6.373 0.9700 
Average of horizontal traverses = 0.9753 
6 3-16-35 Vv Pitot 27.55 6.255 6.322 0.9890 
ri 3-19-35 Vv Pitot 27.75 6.200 6.322 0.9810 
8 3-19-35 Vv Pitot 27.82 6.200 6.303 0.9840 
9 3-19-35 Vv W.P. 27.65 6.230 6.326 0.9850 
10 3-19-35 V Wisk 27.72 6.220 6.343 0.9800 
Average of vertical traverses = 0.9838 
Average of horizontal and vertical traverses = 0.9795 


H = Horizontal. 
W.P. = Wall piezometer. 
V = Vertical. 


draulic Laboratory. The work done has not been in the nature 
of exhaustive research but may prove of interest and will be 
given as a contribution to this discussion. 

The equipment, shown diagrammatically in Fig. 8 of this discus- 
sion consists of a 10-in. steel pipe, axis horizontal, on which a 
constant head may be maintained by pumping, causing a con- 


TABLE 2 DETAILS OF TESTS 5 AND 6 OF TABLE 1 


———-Test no. 54-———- ———Test no. 6b 
Station hy he h v hi he h v 
1 1.390 0.990 0.400 5.07 1.1382 0.710 0.422 5.21 
2 1.463 0.930 0.533 5.86 1.196 0.660 0.536 5.87 
3 1.520 0.877 0.643 6.43 1.260 0.603 0.657 6.50 
4 1.565 0.835 0.730 6.86 1.308 0.570 0.738 6.89 
5 1.626 0.783 0.843 7.37 1.363 0.517 0.846 7.37 
Cc 1.666 0.750 0.916 7.67 1.394 0.492 0.902 7.62 
6 1.648 0.763 0.875 7.50 1.368 0.516 0.852 7.40 
a 1.593 0.814 0.779 7.08 1.302 0.562 0.740 6.90 
8 1.528 0.872 0.656 6.50 1.250 0.613 0.637 6.40 
9 1.470 0.913 0:557 5.99 1.182 0.664 0.518 5.77 
10 1.383 0.983 0.400 5.07 1.102 0.728 0.374 4.91 


Average without C = 6.373 


2 Horizontal traverse. 
b Vertical traverse. 


three of which were rejected because of apparent errors. - The 
averages given are from the remaining 27 sets of readings. 

A small model of the Tulane pitot tube was made by reducing 
all dimensions in proportion from 0.84 in. to 0.40 in. diameter 
of pipe. The small tube has static openings so that it was not 
necessary to use the wall piezometers although a comparison 
could be made between the wall static pressures and the static 
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stant velocity of flow. Across this pipe traverses may be made in 
vertical or horizontal planes. Although the plane of traverse 
is about 34 diameters from an elbow which lies in a horizontal 
plane, there is but slight distortion of the velocity curve. The 
tube is 0.4 in. in diameter; it was first arranged with wall piez- 
ometers on opposite sides of the pipe in a plane passing through 
the axis and at 45 deg with the horizontal plane. Ten-point tra- 
verses made by student classes in hydraulics last year gave 
pitot-tube constants c as follows: Average = 0.976, maximum = 
0.984, and minimum = 0.967. There were 30 traverses in all, 


of the pitot tube. Five carefully made traverses gave an average 
value of ¢ of 0.9753 for horizontal traverses and 0.9838 for vertical 
traverses or an average for all the traverses of 0.9795. The 
details are given in Table 1 of this discussion. Table 2 of this 
discussion gives the details of traverses Nos. 5 and 6 which are 
shown graphically in Fig. 9b of this discussion. 

The difficulties involved in obtaining a correct static reading 
by means of a pitot tube has already been referred to. The 
difficulties involved in obtaining the same static reading on 
different sides of the same pipe, even when great care is used in 


TABLE 3 COMPARISON OF PITOT-TUBE AND PIEZOMETER READINGS? 


Upper Lower 

Sta- piez- Pitot Differ- piez- 
tion ometer tube ence ometer 
1 1.320 L312 —0.008 1.455 
2 1.320 1 okk —0.009 1.458 
3 1.318 1.312 —0.006 1.456 
4 1.317 1.315 —0.002 1.454 
5 1.315 1.317 +0.002 1.450 
Cc 1.310 1.320 +0.010 1.447 
6 1.310 1.321 +0.011 1.446 
7 1.310 1.320 +0.010 1.446 
8 1.310 1.319 +0.009 1.447 
9 1.312 1.315 +0.003 1.450 
10 1.320 1.307 —0.013 1.458 


@ All readings given in feet. 


4 ‘ Upper Lower 
Pitot Differ- piez- piez- Differ- 
tube ence ometer ometer ence 
1.444 —0.011 1.380 1.377 —0.003 
-442 —0.016 1.380 1.376 —0.004 
1.444 —0.012 1.379 1.376 —0.003 
1.448 —0.006 1.379 1.376 —0.003 
1.452 +0.002 1.379 1.376 —0.003 
1.453 +0.006 1.378 1.375 —0.003 
1.456 +0.010 1.377 1.376 —0.001 
1.455 +0.009 1.377 1.376 —0.001 
1.452 +0.005 1.378 1.375 —0.003 
1.450 0.000 1.378 1.375 —0.003 
1.440 —0.018 1.378 1.374 —0.004 
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the piezometer openings, has been shown in another paper.* A 
sample of piezometer studies is given in Table 3 of this discussion 
and graphically shown in Fig. 9a. In taking these readings the 
pitot tube was placed at the various stations in succession and 
, the readings taken. The upper and lower wall piezometers show 
’ differences of pressure that are not great and are nearly constant 
as the pitot tube was moved across the pipe. The difference be- 
tween the static pressure from the pitot tube and the two wall 
piezometers is considerably greater and varies in a peculiar way 
yacross the pipe. 
Engineers are interested in the pitot tube as a scientific instru- 
ment and as a reliable and accurate device for obtaining the 
velocity of water. Future researches may clear up some of the 
vagaries of angular flow and of turbulence, and determine the best 
dimensions and shape of the tube and the proper location of 
static openings. 
The evidence to date seems to indicate that a carefully made 
“simple tube with wall piezometers and also the combined 
\ tube of the type of the Tulane pitot tube will have a constant 
of approximately 0.98 in turbulent flow and practically unity 
_ under the most favorable conditions of flow. Those of us who 
“have used the larger coefficient have certainly been within 2 
per cent of the truth and possibly closer. How can water be 
measured as accurately at a reasonable cost? 
"\ AvuTHorR’s CLOSURE 
The author heartily agrees with R. J. Pigott that the “pitot 
tube has an easily determinable and reliable coefficient” and he 
further agrees that “it is as accurate as any of the other primary 
devices when properly handled,” but he differs with him regarding 
certain details of theory and practice. 
The symmetry of the velocity traverses does not of itself 
prove a lack of disturbance because in the 12-in. and also in the 
40-in. steel pipes of the Alden Laboratory we measured a mean 
angularity of about 5 deg with occasional jumps to 10 deg and 
15 deg, although the traverse curves are quite symmetrical as 
shown in Fig. 13 of the paper. The traverse curves for the 40-in. 
pipe and for several much larger pipes are not presented for lack 
of space. Lack of symmetry is, however, believed to indicate a 
disturbed flow but “symmetry” is hardly the criterion by which 
to judge of flow conditions, for example, certain traverses with 
depressed centers may be symmetrical with respect to pipe axis 
and yet indicate a disturbed flow. 
Mr. Pigott states that pipe factor increases with Reynolds’ 
~ number but the work of Stanton and Pannell!‘ shows that it in- 
- creases so slowly that in water measurements, as referred to in 

the paper, the pipe factor at all ordinary velocities in a given pipe 
) line may be considered as practically a constant. 

In regard to the effect of the supporting rod upon the instru- 
ment coefficient the work of Ower would indicate that at the 
equivalent water velocities of about 5 fps the supporting rod may 
affect the coefficient of a pitot tube as far as 20 support diameters 
upstream. Hence, a theoretical analysis of rod-area correction 
becomes unsatisfactory and the results obtained by actual tests 
of area effect, as described in the author’s paper, would appear 
to be more reliable. 

It should be noted that the difference between the mean value 
and either the Alden Laboratory or University of Pennsylvania 
correction curves as shown in Fig. 18 is small when overall 

~ accuracy is considered. 


—_ -  ——" 


——— SO 


| 13 “‘Piezometer Investigation,” C. M. Allen and L. J. Hooper, 
Trans. A.S.M.E., vol. 54, no. 9, 1932, paper HYD-54-1, pp. 1-16. 
14 “Similarity of Motion in Relation to Surface Friction of Fluids,” 
by T. E. Stanton and V. R. Pannell, National Physical Laboratory, 
- Collected Researches, vol. 11, 1914, p. 293. 
15 “Measurement of Air Flow,” by E. Ower, Chapman & Hall, 
London, 1927. 
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The author disagrees with the assertion of Mr. Pigott that the 
coefficient depends upon the pipe factor. The author contends 
that the coefficient depends mainly upon the form of the pitot 
tube and its proper correction for rod area as described in the 
paper. The effect of turbulence upon a pitot tube of the com- 
bined type should be to change its coefficient in agreement with 
the cosine of the existing angularity. ‘Two forms of tube are 
presented, one of which overreads to the extent shown in Fig. 27 
and the other underreads the cosine of angular flows to the extent 
as shown in Fig. 31. 

In this connection it is interesting to note that the heavy-duty 
pitot tube shown in Fig. 29 has been rated in the 40-in. steel pipe 
at the Alden Laboratory and also on the revolving boom. Its 
area correction was determined by building up its cross section in 
steps as described for type of tube shown in Fig. 6 of the paper. 
The area correction was found to be 1.05 times the per cent 
change in the pipe area due to the rod projection, and with this 
correction the 40-in. pipe coefficient becomes 0.953 which com- 
pares with the coefficient of 0.957 as obtained on the revolving 
boom in still water. Therefore it would seem to be significant 
that both the overreading and the underreading type of tube 
should have practically the same coefficient in pipes when cor- 
rected for rod area, as was obtained in still water. 

In reply to F. H. Rogers, the author would call attention to the 
fact that the flow in the 12-in. pipe at the University of Pennsyl- 
vania was evidently disturbed, as shown by the character of the 
traverses in Fig. 21 of the paper, and yet the coefficients agreed 
closely with those found at the Alden Laboratory where the 12- 
in. pipe traverses were more satisfactory. 

Mr. Rogers’ assumption that the author’s pitot tube shown in 
Fig. 6 of the paper is unsuited to large pipes or to small pipes 
with turbulence is well answered by the results recently obtained 
for the author at the Alden Laboratory in a 40-in. steel pipe. 
Flow was measured over a weir carefuly calibrated for this test 
by means of tank and scales. Two of the same pitot tubes 
were used as in the original tests in 12-in. pipes and the same 
method of obtaining the rod-area correction was employed 
as described in the author’s paper for 12-in. pipe. These pitot 
tubes were rated as before in the 16-in. throat of the venturi 
meter with tank and scales giving a mean coefficient of 0.870. 
In the 40-in. pipe, a coefficient of 0.863 was obtained which be- 
comes 0.869 when corrected for rod area, using the mean value 
given in Fig. 18 of the paper. In view of this and considering the 
many successful gagings made by the author and others in larger 
pipes,!* it would seem that Mr. Rogers’ assumption may be at fault. 

Mr. Rogers also assumes that a mean angularity of 10 or 15 
deg is commom in normal pipe lines and others have claimed angu- 
larities as great as 30 deg or more. Such claims seem to rest upon 
inference only. A coefficient is obtained in a pipe line and by 
means of laboratory tests it is then found that the simple pitot 
tube must be turned to an angle of 30 deg in order to produce 
that coefficient. This seems to be the only basis for these claims 
while from actual measurement of turbulence, as described by 
the author in his paper, no such angularity has been found in 
normal pipe lines. 

As for the coefficients reported by Mr. Rogers and on which he 
bases his belief in high angularity, it is seen that they were ob- 
tained with large weirs as in the case of the 9-ft pipe at Shaw- 
inigan Falls which gave the simple pitot tube with wall-piezometers 
a coeficient of 0.9761 to 0.9785 from which the angularity of 15 deg 
was inferred. The author has no such faith in the accuracy of 
large weirs and in the absence of information on the method of 
their calibration he is unconvinced. 


16 “Research Institute for Hydraulic Engineering and Water 
Power,” Trans. A.S.M.E., vol. 55, 1933, paper HYD-55-3, p. 33. 
See Walchensee tests. 
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In the discussions of Prof. W. B. Gregory and John G. Sutton 
there is evidence of much practical experience in water measure- 
ment with the pitot tube, and it is unfortunate that a higher 
degree of accuracy is not believed by them to have been attained. 
This is probably due to difficulties of the field testing of drainage 
pumps often working under negative heads and perhaps with 
unsatisfactory gaging points available. 

The author gratefully acknowledges the assistance of Prof. C. 
M. Allen, L. J. Hooper, and Clyde Hubbard of the Alden Labora- 
tory, Prof. W. S. Pardoe of the University of Pennsylvania, and 
E. Shaw Cole, in the preparation of the paper. 


Photoflow Method of Water 
Measurement’ 


F. H. Roaers.? The photoflow method of water measurement 
described in the paper is a very ingenious and apparently accurate 
method of determining the flow in closed conduits or penstocks. 
It is certainly an advance over the well-known method of pitot- 
tube traverses used in the tests of many hydraulic turbines in the 
past. The new method has the definite advantages of greater 
accuracy, shorter time, and lower cost than the former traverse 
method, and the consistent results obtained in the test made on 
the units in the Little Falls Pumping Station proved that the 
photoflow method can be used under unfavorable conditions 
where turbulent flow occurs. 


V 
¥ 


Fie. 1 


The calibration tests of the various pitot tubes, shown in 
Fig. 1 of the paper were made by the writer in 1910 in the testing 
flume of the Rensselaer Polytechnic Institute at Troy, N. Y. 
As pointed out by the authors, for angular flow none of these 
tubes recorded the pressure corresponding to the resolved axial 
velocity, but all gave higher values, thus requiring a coefficient 
less than unity. 

At the time the tests were made at Troy this characteristic of 
the pitot tube was studied to discover, if possible, a theoretical 
reason as to why the tube should read higher than the resolved 
velocity. It was felt, since the tube records pressure correspond- 
ing to the velocity head, that for angular flow it should read 
theoretically the resolved velocity head, rather than the head 
corresponding to resolved velocity. 

Based on this theory the coefficient of a pitot tube may be 
calculated as follows: In Fig. 1 of this discussion let V = absolute 
velocity of water; a = angle of flow with axis of tube; H = re- 
solved velocity head; V; = velocity determined by tube, and 
c = coefficient of tube. Since 


1 Published as paper HYD-57-7, by W. M. White and W. J. Rhein- 
gans, in the August, 1935, issue of the A.S.M.E. Transactions. 

2? Chief Engineer, I. P. Morris Division, Baldwin-Southwark 
Corporation, Philadelphia, Pa. Mem. A.S.M.E. 


H = (V2/2g) cos a 


Y= V/ [29(V2/29) cos a] = VV cosa 


As the true resolved velocity is V cos a, the coefficient of the tube 
will be 


then 


— V cos a/V*V/ cos a = V/cosa 


For all angles of flow, except 0 deg, this coefficient will be less 
than unity. 

It was found that tubes B, H, and F in Fig. 1 of the paper, all 
of which had plane surfaces exposed to flow, gave coefficients 
which checked almost exactly the theoretical coefficient obtained 
from a/ (cos a) up to angles of 20 deg to 25 deg. Applying this 
same theory to the Little Falls tube, Fig. 2 of the paper is here 
reproduced as Fig. 2 of this discussion but to which has been 


added a third curve showing the velocity calculated from the 
theoretical formula 


Vi = Vv/cos a 


It .sseen that the actual velocity, as measured by the pitot tube, 
checks the theoretical velocity Vi very closely up to an angle of 
20 deg, and thus again confirms the previously referred to theory. 

With regard to the range in the values of the coefficient of the 
pitot tube, the average value of 0.976 suggested in the paper for 
normal flow condition appears to be supported by many inde- 
pendent calibrations. This coefficient would indicate, from Fig. 
3 of the paper, an angular flow of about 20 deg from the Little 
Falls tube, or an angular flow of about 18 deg from tube B. Such 
oblique flow seems reasonable, even under normal-flow conditions 
in straight penstock sections. 

The paper also fixes the lower limit of the coefficient of the 
tube tested at 0.970 for conditions of extremely disturbed and 
cross current flow. This value checks the minimum coefficient 
shown in Fig. 3 of the paper at angular flow of 30 deg and also the 
actual calibration of the tubes in tests of the turbines at Little 
Falls Pumping Station, based on volumetric measurement of the 
water. Due to the rather severe bends in the penstocks ahead of 
the measuring section, an average angular flow of 30 deg appears 
quite reasonable. 

Under conditions of greater turbulence and for other designs 
of pitot tubes, lower coefficients have been found. For example, 
in the tests made at Rensselaer Polytechnic Institute at Troy, 


DISCUSSION 


N. Y., as shown in Fig. 1 of the paper, tube B shows a coefficient 
of about 0.95 at a 30-deg angle, and tube Z falls as low as 0.93 
at an angle of 40 deg. In the tests made at Eddystone, Pal, 
described by S. L. Kerr,’ a tube coefficient of 0.934 was obtained 


when artificial turbulence of considerable magnitude was intro- 


' duced by baffles. The visual observation. of the yarn streamers 


during this test showed a turbulent condition in which the angle 
of flow varied rapidly from 40 deg to 50 deg on either side of the 
axis. It is felt that such turbulent conditions actually do oceur 
in large intake sections where racks, piers, supports, or other ob- 


structions are located close to the measuring section, but it is 


' conduit. 
taken for each setting of the tube. 


unlikely that such flow conditions exist in closed penstocks even 
though bends may be present. 
The authors point out that considerable error may occur in the 


_ pitot-tube traverse method, due to the velocity changes and the 


changing distribution of flow occurring at all sections within the 
This is undoubtedly true if single observations are 
If, however, sufficient time 


_ is allowed to read the pitot tubes and piezometers for each setting 


of the tubes, at least five times, good average values are obtained 
and the total quantity flowing can be checked on repeat tests 
within very close limits. 

For example, a test was made by this method in 1915 on a 
turbine built for the Grace Station of the Utah Power & Light 


Company. The turbine was rated at 16,500 hp under a 482-ft 


head. ‘Traverses were made in an 8l-in. diameter penstock, 
six pitot tubes and eight piezometer openings being used. At 
the maximum quantity of 419 cfs the velocity at the traverse 
sections was 11.7 fps. At six gate openings double traverses of 
all tubes were made for checking purposes. In these tests the 
variation of the quantity, as shown by a single traverse compared 
to the average of the two traverses, was only from 0.06 per cent 
to 0.55 per cent. The average variation for all six runs was 
0.3 per cent. 

In another test made in 1916 on a turbine in the Oneida Station 
of the Utah Power & Light Company, the quantity was deter- 
mined by pitot-tube traverses. This unit was rated at 15,000 
hp under a 140-ft head. Traverses were made in a 12-ft diameter 
penstock, six pitot tubes and eight piezometer openings being 
used. At the maximum quantity of 1126 cfs the velocity at the 
traverse section was 10 fps. Double traverses were made at four 
gate openings. The quantity shown by a single traverse as com- 
pared to the average of the two traverses varied from 0.14 per 
cent to 0.64 per cent. The average variation for all four runs was 
0.3 per cent. 


W. F. Duranp.‘ This paper is most timely in calling atten- 
tion to the hitherto insufficiently recognized fact of the time 
variation of the velocity of flow in a closed conduit at any one 
point, and of the consequent uncertainty surrounding any survey 
of the distribution of velocity over a cross section of the conduit 
by way of a time traverse. The variations in the velocity as 
reported in the paper give some idea of the character of the error 
made possible by such a procedure, especially in the case of 
turbulent and unsteady flow. These characteristics of the flow 
in conduits in general are now well recognized and have been 
made the subject of investigation in various laboratories, but 
have only recently begun to attract the attention in engineering 
circles which their importance merits. 

The purpose of this comment on the paper by W. M. White 
and W. J. Rheingans is, however, rather to call attention to the 


3 “Research Investigation of Current-Meter Behavior in Flowing 


Water,” by S. L. Kerr, Trans. A.S.M.E., vol. 57, August, 1935, 


paper HYD-57-9, p. 295. 
4 Professor Emeritus of Mechanical Engineering, Stanford Uni- 
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basic theory on which the use of the pitot tube depends, and to 
relate its indications more definitely to this theory. 

Conditions may be assumed as follows: 

1 A so-called perfect fluid of indefinite extent, the ultimate 
particles of which move uniformly in straight-line parallel paths, 
ie., steady laminar flow. 

2 A tube of relatively small cross section, with the open end 
facing the flow and with the body of the tube lying in the direc- 
tion of the flow, and the whole connected up after the well-known 
manner of the pitot tube. This brings the plane of the open end 
normal to the flow and disposes the body of the tube in such way 
as to give the minimum distortion in the lines of stream flow. 

Under these conditions it can be shown by rigorous mathemati- 
cal procedure that the lines of flow will dispose themselves sym- 
metrically about the tube and that a central filament of this flow 
of indefinitely small section area will be brought to a full stop as 
it reaches the plane at the open end of the tube. This is the so- 
called stagnation point of the flow. Around this central filament 
the ultimate elements of the fluid will approach the plane of the 
opening, gradually slowing down as they approach nearer and 
coming almost but not quite to a full stop as they turn almost at 
aright angle and flow along the plane of the opening, and then 
become rapidly accelerated as they pass around the edge, turn 
again downstream and pursue their path along and near the 
body of the tube. The nearer the particle to this central fila- 
ment, the more nearly will its velocity be brought to zero as it 
approaches and makes its turn; and the farther away, the less will 
be the curvature of its path as it approaches and passes around 
the tube end, and the less the consequent reduction in velocity. 

Now, by Bernoulli’s law, the dynamic head, transformed into 
pressure and measured by the tube as a part of its total reading, 
will be the integrated resultant of the elements of such pressure 
distributed over the face of the opening, and this will correspond 
to the integrated result of the losses in velocity suffered by these 
elements of the flow. Strictly speaking, only the central filament 
is reduced fully to rest, with the surrounding filaments in contact 
with the small area of the tube opening very nearly but not quite 
reaching this condition. In consequence, only over the indefi- 
nitely small element of area contacted by the central filament 
will the dynamic head in terms of pressure represent the full 
velocity of flow, while over the surrounding elements the pressure 
will be slightly less, the difference corresponding to the residual 
velocity left in these elements of flow as they move over the face of 
the opening. 

Therefore it should be expected that the actual dynamic head 
indicated by the tube would be slightly less than that correspond- 
ing to the full velocity of flow, representing, as the former does, 
the average of a series of values only one of which has the full 100 
per cent value. 

However, a vast number of ratings of pitot tubes in actual 
fluids (air and water) under conditions substantially representing 
right-line flow, all agree in indicating a coefficient of 100 per 
cent, within the limits of accuracy of the measurements. The 
explanation of this is apparently to be found in two main con- 
siderations: 

1 Even assuming a perfect fluid and ideal conditions, the 
residual velocity of the particles moving over the face of the open- 
ing is so small that the corresponding dynamic pressure head is 
nearly 100 per cent and for the average over this face the reduc- 
tion of the velocity is so near to zero that only refined methods of 
measurement could be expected to indicate a coefficient other 
than 100 per cent. This may be the more readily perceived when 
it is remembered that a residual velocity of one part in ten will 
mean a residual energy and hence a residual-velocity head of one 
part in one hundred or again a residual velocity of one part in 
one hundred will mean a residual-velocity head of one part in ten 
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thousand. It is then quite understandable that with some small 
residual velocity of flow over the face of the tube, the residual- 
velocity head would be relatively much smaller and perhaps 
difficult to detect without refined methods of observation and 
measurement. In consequence, and in the absence of such re- 
fined measurements, the dynamic head would be measured as 
apparently 100 per cent. 

2 We are, however, not dealing with a perfect or ideal fluid 
medium, but with actual fluids exhibiting both viscosity and 
compressibility. The influence of the latter in this connection 
may be neglected; but that of the former will operate to slow down 
the actual flow over the face of the tube and to reduce the sharp 
acceleration around the outer boundary of the tube opening. The 
general result will be, therefore, a still nearer approach to zero 
velocity for the particles flowing over the face of the tube and a 
still nearer approach to 100 per cent for the tube coefficient. 

It is not surprising, therefore, that under the conditions of 
rating test with actual fluids, a coefficient of 100 per cent is 
indicated within the limits of accuracy available for such measure- 
ments. 

If now the tube were turned so that the face is no longer normal 
to the flow, it is readily seen that the whole flow picture will be 
profoundly changed. In such case there is no ground for assuming 
that the decrease in the velocity of a filament of the fluid flowing 
over the face of the tube will have any simple relation to the com- 
ponent of field velocity normal to the face. In fact, the entire 
field of flow about the tube will now be dependent in some degree 
on the form and size of the body of the tube as well as on the angle 
of inclination. In any and all cases, however, it must be remem- 
bered that the pressure indication given by the tube is simply the 
integrated average result of the reductions in velocity experienced 
by the filaments in the field of flow which in their course pass to 
and over the face of the tube, and that the character of this 
flow rapidly becomes complex as the face of the tube is inclined 
from the normal. 

Fundamental fluid mechanics thus give adequate ground for 
the general use of a coefficient of unity, while under ideal conditions 
and strictly speaking, it should be slightly less. It also indicates 
clearly why the tube cannot be expected to give similarly exact 
indications for the component of flow normal to the face when 
such face is oblique to the main direction of flow. 

These various considerations again show clearly why, with the 
tube in normal use in turbulent flow with cross current and peri- 
odic changes in velocity both in magnitude and direction, weshould 
expect the need of a rating coefficient somewhat as the authors 
of the paper have indicated. Perhaps the most surprising and 
gratifying consequences of these conditions are found in the indi- 
cations of the relatively small influence due to turbulent and ir- 
regular conditions of flow, and in the resulting high and nearly 

‘constant value of the coefficient for apparently wide variations 
in these conditions. 


Lewis F. Moopy.® Prior to the introduction of the Gibson 
pressure-time method and the Allen salt-velocity method of 
measuring water, the pitot-tube method was one of the most 
approved means of measuring water in hydraulic turbine tests, 
and was widely used. The method of application of the pitot 
tube described in this paper represents a real advance in the tech- 
nique of water measurement, and makes possible a rejuvenation 
of the earlier practice and a renewed utilization of this simple and 
useful instrument. Both turbine designers and users should 
welcome every practical means of securing performance data. 
Dr. White’s pioneer work with the pitot tube and his convincing 
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demonstration of its principle in 1901 entitles him to speak au- 
thoritatively on this subject; and the recent experiments reported 
by Dr. White and Mr. Rheingans are of much interest on both 
theoretical and practical grounds. 

The older method of measuring conduit discharge by pitot 
tube, by traversing the measuring section with two tubes and 
taking readings at successive locations of the tubes, is still be- 
lieved to be capable of giving reliable results, but only at the 
expense of a great amount of time and labor. A single reading 
of the tube at each point is not sufficient, but a series of readings 
must be taken covering a time interval greater than the cycle 
of variation of the velocities. The complete traverse, therefore, 
requires a long period of time, usually at least a half hour, even 
when a large company of observers and recorders may be used. 
In some of the older tests, eight or more men were used to make 
and to record the observations, which lasted for about 30 to 40 
minutes for a single measurement under the best conditions. 
With the photoflow method, this time may be very greatly re- 
duced, and the photographie recording precludes personal errors 
of observation. 

This factor of time required for a single run, giving one point 
on the efficiency curve, is a serious one in the testing of turbines. 
The same difficulty as was encountered in the use of the older 
pitot-tube method also enters into measurements by current 
meter, and in even greater degree. It might be thought that no 
great harm would result from extending a measurement over a 
long time; but as pointed out by the authors the regime of flow 
in a conduit is continually changing, even if the total discharge is 
kept perfectly constant, which is rarely accomplished. In prac- 
tice it is impossible to keep the head and power output of a 
turbine unit absolutely constant for a long period of time, and 
even if the water-measurement observations correctly correspond 
to the actual flow at each instant, the resulting turbine efficiency 
really represents an average value for at least a small range of 
discharges. 

It will be evident, for example, for points at or near the peak 
of an efficiency curve, that the true maximum efficiency will not 
be obtained, but rather an average value which will necessarily be 
lower, although it is supposed to constitute a single point on the 
curve. The continually changing flow distribution of course 
introduces considerable possibilities of error, and any individual 
reading may not correspond at all correctly to the total discharge 
occurring at that instant. The unstable nature of the flow con- 
ditions at usual velocities is generally recognized, since usual 
magnitudes of velocity and size of conduit involve large Reynolds’ 
numbers far beyond the critical values and far up in the zone of 
turbulent flow; so that the “mean velocities’ which we are at- 
tempting to measure are only statistical averages of values 
subject to complex or random effects. Hydraulic experimenters 
are familiar with the difficulty of attempting to reestablish a 
given condition of flow if an experiment is interrupted and re- 
peated. These difficulties still have to be struggled with in 
current-meter measurements, and it is encouraging to find that 
they have been minimized in the ere measurements by 
the use of photographic recording. 

The paper points out the necessity for Spenine a coefficient 
of less than unity to the apparent velocities indicated by the tube 
to provide for the oblique and unsteady flows in the conduit. 
The good agreement of the angular tests shown in Fig. 3 of the 
paper with the experiments carried out in 1913 at Troy, in still 
water, by F. H. Rogers and the writer, is of much interest.® 

In comparing the values of coefficients reported by Messrs. 
White and Rheingans with those found by S. L. Kerr,* one might ~ 


6 “‘Measurement of the Velocity of Flowing Water,’ by L. F. 
Moody. Proceedings, Engineers Society of Western Pennsylvania, 
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think at first glance, that some discrepancy exists. The writer 
is of the opinion that the differences may be readily accounted for. 
Dr. White and Mr. Rheingans are treating of the field of measure- 
ment in usual penstocks and conduits where ordinarily consider- 
jable straight lengths of conduit exist at the measuring section 
and where abnormal or artificial disturbances do not usually 
occur. Mr. Kerr’s tests, on the other hand, were purposely made 
to include artificial disturbances close to the measuring section 
created by wide bars of various forms introduced in the stream. 
\ Such obstructions are actually encountered sometimes in prac- 
tice, as when a measuring section is immediately downstream 
from coarse racks and supporting structures. The abnormal 
turbulence of the complex and indeterminate flow conditions thus 
caused make such sections unsuited to precise measurements 


- in the field, but nevertheless they sometimes exist. 


Although the Little Falls measuring section, as pointed out in 


4 the paper, left much to be desired for a precise measurement, it 


may be noted that while considerable distortion of the flow was 
to be expected from the conduit bends near the section, the 
distortion could be measured and the angularity of the flow 
, eould be expected to be fairly permanent and not particularly 
unsteady. This condition is very different from a series of coarse 
bars or wide plates a short distance upstream from a section, as 
tested by Mr. Kerr,? where an abnormal and highly turbulent 


) condition was created, the entire flow probably being broken 


up into small eddies. 

In conclusion, it is hoped that the authors will have occasion 
to continue their work in the field, and in particular that oppor- 
tunities may be found to compare the results by volumetric 
measurement with those given by their method when applied to 
favorable measuring sections. 


Forrest Nacurr.? The writer has long thought that any of 
the point-velocity methods of measuring water must be premised 
on a rigidly supported device that is symmetrical about an axis 
in line with the flow. This is in contrast to a device like the cup 
type of current meter that may overregister, or underregister 
when subjected to horizontal or vertical angularities. The sym- 
metrical types of meters are confined to the axial-flow or screw 
types, with which alone some attempts may be made to register 
the desired cosine function as shown in Fig. 2 of the paper. The 
pitot type used by the authors possesses this inherently neces- 
sary qualification of symmetry about a mean flow line. Fig. 2 
of the paper indicates that it approaches the desired cosine 
relationship more closely than any other device the writer has 
had contact with. 

Naturally considerable attention must be given to the basic co- 
efficient of the pitot tube and it is of interest that the authors have 
referred to what was, at one time, a rather intensive three-cornered 
argument between authorities as to the basic formula. If the 
writer remembers correctly, the late Gardner S. Williams held 
up one corner of this argument with Mr. Kent and Dr. White 
for several years, but conceded the 2 under the radical. 

The authors’ description of the flow of water as it “moves 
spirally, intermingles and rolls from the center of pipe to the wall 
and back to center, continuously, but without loss of position in 
the march of flow,” was once very aptly pictured by Herschel 
as being similar to the contents of a feather bed blowing down an 
alley. Repetition of this description can hardly be too frequent 
to help dispel the’ incorrect impression of flow lines given by 
textbook sketches. 

Referring to the author’s description of the layout of the tube 
Bina 12-in. pipe, the thought arises as to how much effect on the 
actual velocity in front of the opening was introduced by the 
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changing projected area of the tube itself, as it was turned through 
varying angles. The increase in cross section could hardly have 
helped generally reducing the velocity in the center of the pipe, 
and whether the tip reached outside of that reduced area may be 
open to question. In any event the recorded cosine performance 
must be the result of more than the effect of the impinging angle 
itself. : 

Referring to the authors’ Figs. 1, 2 and 3, it will be noted that 
tube C of Fig. 1, and the tube on Fig. 3 do not differ very much. 
However, the former seems to require a minimum coefficient of 
about 0.92 at a 30-deg angle, whereas the latter requires a coeffi- 
cient of about 0.97. The reason for this wide discrepancy is not 
quite evident. Furthermore, the curve on Fig. 3 indicates that 
the coefficient should never be below about 0.97 for a fixed angu- 
larity of 30 deg. Such fixed angularity is decidedly unusual in a 
parallel conduit, and is not in keeping with the “feather-bed”’ 
type of flow. With that type of flow, the angle varies continually 
from a certain maximum, such as 30 deg, through zero, and to a 
maximum in the other direction. 

With such a condition, the average coefficient would naturally 
not be the extreme one, but rather would be the average between 
that extreme and unity. On the assumption that the coefficient 
curve may be approximated by a radial section through a par- 
aboloid of revolution, the mean ordinate will be one half of the 
extreme one. From this relationship, it is difficult to see how 
the coefficient could ever be less than 0.985 for any degree of 
angularity with the tube shown in Fig. 3 of the paper. 

Is it possible that there is an additional inertia effect, similar 
to that which exists with a current meter, due to its flywheel effect, 
which actually distorts the relationship shown in Fig. 3 of the 
paper, making the coefficient lower, much as shown in Fig. 1 of 
the paper? 

To emphasize this point, it is difficult to see how a tube which, 
under the most extreme and fixed angularity overregisters enough 
to require a 0.97 coefficient, would require a coefficient anywhere 
near as low as 0.97, if the flow varied from zero up to any given 
angle, such as 30 deg, because the average under the curve up to 
that point certainly is much greater than 0.97. 

With reference to the simultaneous photographing of the pitot- 
tube readings, it seems that the biggest advantage would arise 
because an actual picture is preserved of the source observations, 
in contrast to written figures which may contain errors of obser- 
vation or recording not later checkable. A simultaneous record- 
ing of events may correctly summarize the conditions across the 
section at that instant, but only successive repetitions at intervals 
out of tune with possible pulsations can give a correct indication 
of the actual average flow. It is noted that the authors actually 
apply this method, as indicated in their Table 3. In this table, 
the instantaneous feature involves indications varying by nearly 
2 per cent. 

The same result is accomplished with the usual traversing- 
point method. This is true whether the point be rigidly fixed 
for each observation, or whether it be moved continuously, as 
was quite popular with Michigan engineers about twenty years 
ago. The velocity variations which the authors obtain by an 
instantaneous photograph are those which exist across the measur- 
ing section. Those which they obtain by taking repeated shots, 
are apparently those which may be described as variable velocity 
of the “slug of salt.” The only danger in the latter, seems to be 
that of synchronizing the shots with the pulsations, which might 
introduce that type of systematic error which is infinitely worse 
than all accidental errors. 

Probably one of the most vital defects in any point method 
lies in the effect of the insertion of a measuring device on the flow 
in across section All such point-method determinations basically 
tend to underregister because the flow directly in front of any 
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such indicating devices is automatically slower, by reason of the 
presence of that device, than it would be if it were not there. In 
other words, when a current meter or pitot tube is inserted in a 
cross section, the flow goes elsewhere. All writers on current 
meters and similar devices religiously avoid this basic considera- 
tion. The writer is not free from blame in this respect. An ex- 
treme view of this feature may be had by assuming an open chan- 
nel, perhaps 10 ft deep and 20 ft wide. The hydraulic radius is 
proportional to 5, that is, the area divided by the wetted perimeter. 
The hydraulic radius of each half is 5, that is, 100 divided by 20. 
If we now insert a rod or a cable in the middle of one side, the 
hydraulic radius, if the current meter is at the bottom, is im- 
mediately cut in half, that is, reduced to 2!/2. Moving water, es- 
pecially when at slow velocity, responds very quickly to extremely 
minor influences, and for a condition like this, the side where 
the current meter is not in use, naturally picks up more flow, which 
is not recorded by the instrument. This extreme relation applies 
to all of the traversing type of supports, and to a limited extent, 
to all fixed types of supports. The tests made with the former 
can readily show 5 or 10 per cent underregistering of quantity. 
Groat’ gives some very significant instances of error with a very 
usual arrangement of current meters. The pitot tube has the 
advantage that it presents less bulk or projected area to retard 
the flow where it makes its record, but like the cup type of current 
meter it overregisters the cosine function sufficiently to partly 
compensate for the inherent defect. 

It is probably only the decided overregistering characteristics 
of the cup type of current meter, and of any type of current meter 
swinging free, which has permitted an accidental error com- 
pensation sufficient to permit tests to be accepted. When tests 
show efficiency well over 100 per cent, even the most rigid advo- 
cate of current meters will hesitate to back up their indication, 
such instances are on record. Unfortunately it is only those 
percentages above 100 per cent which are thrown out. If the 
flow to the turbine of 90 per cent actual efficiency is under- 
registered 10 per cent, so that the efficiency is indicated as 100, 
naturally the results are thrown out, but if the meter happens to 
overregister 10 per cent, so that the results are indicated at 80 
per cent they are accepted without question, and the manufac- 
turer has a real job on his hands. 

It is because of this feature that the free-swinging meter, or 
any free-swinging device which must show those components 
indicated by the outer circle through 5 fps in Fig. 2 of the paper, 
are not to be considered in any kind of disturbed flow. It will be 
noted that the 100 per cent circle in Fig. 2 of the paper lies well 
outside of the pitot-tube measurement at all angularities above 10 
per cent. The authors are to be congratulated on having based 
their method on a device which comes as close to the desired 
cosine indication as disclosed by their Fig. 2. 

In addition, the use of a device which permits of the easy instal- 
lation of a large number of points is conducive to reducing errors 
arising from distortion of flow caused by the insertion of a device 
of any kind. It seems, however, that the sectors of Fig. 6 of the 
paper are rather large, ard that the line of pitot tubes with their 
support, would automaticaily locate them in an abnormally 
low-velocity region. This would require a decided increase in 
the coefficient which might place it well above unity. This con- 
sideration, and that arrived at from inspection of the authors’ 
Fig. 3, wherein the minimum coefficient of 0.97 ought to be 
increased to something over 0.98 to allow for wobbly flow, seem 
to the writer to call for a coefficient decidedly in excess of 0.97. 
That the volumetric tests made by the authors check a coefficient 
of 0.973 seems merely to indicate that some other effect entered. 

It would be of great interest to see a curve similar to the authors’ 


8 “Chemihydrometry,”’ by B. F. Groat, Trans. A.S.C.E., vol. 80, 
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Fig. 3, based on using the same pitot tube in a still-water rating 
tank and also in a smooth large-area stream of flowing water. To 
the fixed-angularity readings there should be added a set of 
“wobbly”? readings, wherein the tube point is continually and 
rhythmically moved through various angles, up to successively 
greater ranges on both sides of neutral. Such a test would come 
close to defining the basic effect of disturbed flow in so far as it may 
be represented by varying angularity. 


L. J. Hooper.’ There are several points brought up in the 
paper by Dr. White and Mr. Rheingans on which more informa- 
tion would be desirable. 

The most important question is the coefficient of the pitot 
tubes as used in this test. It is stated that the coefficient was 
found to be 0.973 in one case and 0.970 in the other and that the 
reason for this low coefficient is the turbulent or angular flow of 
the water in the test section. It is realized that the Little Falls 
Pumping Plant presented most unfavorable testing conditions 
with respect to turbulent and angular flow and that the low coef- 
ficient of about 0.97 may be due to this fact alone. However, the 
supporting evidence of this test leaves considerable doubt as to 
what range might be expected for the coefficient for future tests. 

There has been considerable work done on pitot tubes by a 
number of investigators. They have been unanimous in their 
opinion that an impact point centrally located in a surface of 
revolution perfectly converts velocity into velocity head. In 
other words, the coefficient of such an impact tube is unity. 
Further, Dr. White’s impact tube when rated by itself in smooth 
flowing water has a coefficient of unity. 

Several years ago at the Alden Hydraulic Laboratory pitot 
tubes were rated in a 36 X 16-in. venturi throat and in a 12-in. 
line. The pipe factor in the first case was 0.956 and the flow 
conditions undoubtedly smooth. In the second case the pipe 
factor was 0.785 and the water flow was turbulent due to two 
elbows in planes at right angles to each other, being located 28 
ft upstream. The coefficients of the tubes checked perfectly. 

During the tests on the 12-in. line a sensitive angularity indi- 
cator was made and used. The maximum angle read was 3 deg 
and in general few readings were obtained in excess of 1 deg. It 
would seem from the description of the photoflow method that 
the magnitude of the angular flow was arrived at inferentially 
and was not measured directly. In other words, there may have 
been other causes for the apparent depression of the pitot coeffi- 
cient from unity to about 0.97. 

In the first place it can be shown both theoretically and experi- 
mentally that an obstruction in a water passage influences the 
direction and the magnitude of the velocities upstream from the 
obstruction. For instance, a 1-in. diameter pipe can have a1 per 
cent effect upon the velocity at a distance of 5in. upstream parallel 
to the axis of the pipe. Inasmuch as the pressure piezometers 
were only about 2 in. upstream from the frame, it is extremely 
likely that the form, size, and location of the grid supports had an 
influence on the apparent coefficient of 0.97. 

In the next place the volumetric check of the coefficient is only 
as accurate as the determination of the volume and this in turn 
depends upon the calibration of a venturi meter. It would be 
of interest to know when and how this meter was calibrated and 
what further checks were available to insure that the meter was 
operating in the same fashion as it was when it was calibrated. 

It would seem that a converging section such as the penstock 
contraction at the entrance to a scroll case would require special 
treatment in the location of the impact tips. The velocity traverse 
in this case would be flat over the central portion of the pipe 
with a sharp shoulder relatively close to the pipe wall. In a 16-in. 
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venturi throat this shoulder is only 1!/, in. out from the wall. 
In such a case several velocity determinations must be taken 
between the shoulder and the wall of the pipe. On an equal-area 
basis a large number of impact orifices would then be necessary. 
) In any ease, near the wall of the pipe the orifices would be so close 
together that there is a strong likelihood of the tips interfering with 
each other hydraulically. 
At one point in the text it is stated that “Thus accurate deter- 
minations of the average velocity is nearly impossible with past 
,methods.”’ The statement is very sweeping. Several pipe-factor 
determinations are recorded where there were ten or more points 
on each curve. Usually one point can be found which is about 
1 per cent from the curve, but the remainder of the points lie well 
within 0.5 per cent of the curve. A water wheel on hand control 
regulated the flow of the water and the test conditions were 
similar to a commerical test. The discharge in all tests was 
- measured by a 10-ft weir and a 36 X 16-in. venturi meter, both 
metering systems being calibrated by a weighing tank. However, 
the fact remains that an error larger than 0.5 per cent in determin- 
ing the mean velocity was exceptional rather than the converse 
being true as stated in the paper. 


E. 8. Cotz.!° This paper has special interest since it questions 

the accuracy of the well-known pitot-traverse or pitometer method 
, of flow measurement which has been extensively used in city 
water mains and water-power penstocks. 

Many thousands of pitometer traverses have been made since 
1896 when the method was developed, and it is safe to assume 
that very few of these tests would have been undertaken had it 
been necessary to cut the pipes, interrupt the flow or install the 
obstructing interior fixtures with the many pitot and piezometer 
connections as described in this paper. 

The combined pitot tube or pitometer is quite well known. It 
carries both dynamic and static openings in the same tip, so 
formed as to read the cosine of angular flows to 6 deg of angularity. 

Greater angularity than this seems to be unknown in normal pipe 
lines such as are commonly found in power plants or city mains. 
The pitot-traverse method may not be well suited to certain 
abnormal pipe locations but its velocity readings always indicate 
the suitability of a given location so that misleading results are 
avoided. Pitometer coefficients have been obtained with great 
care at Professor Allen’s hydraulic laboratory at Worcester, Mass. 

The extreme simplicity of the pitot-traverse method and the 

rapidity with which tests are made with it has always been its 
_ distinguishing feature. 

A velocity traverse is usually made on two diameters at right 
angles. Pitometers are inserted through valves suitably spaced 
around the pipe section, and these valves may be installed with- 
out removing the water from the pipe line or interrupting the 
service. Readings of velocity head are recorded at the mid-width 
of a number of equal-area rings, usually ten in a large pipe, simul- 

taneously on opposite sides of each ring. They are always re- 
corded during a complete cycle of velocity variations with per- 
haps ten readings at each point, the mean of the square roots of 
these readings being plotted as one point on the corresponding 
velocity traverse. Thus four values of mean velocity are ob- 
tained for each ring spaced 90 deg apart, from which the ring dis- 
charge is computed. Certain refinements in this procedure have 
" been suggested but_are usually unnecessary. 

The remarkable agreement of repeated velocity traverses and 
computations is evidence enough of their accuracy and dependa- 
bility. Seldom do check traverses differ by as much as 0.5 per cent 
in normal pipe locations at uniform flow. Often this agreement 
is within 0.25 per cent or less under favorable conditions and this 
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well-known fact should entitle the pitometer method to the 
highest respect. 

The time required for making a traverse has been misrepre- 
sented in the paper, for with four pitometers at 90 deg it is pos- 
sible to make a ten-ring velocity traverse in 20 minutes. The 
installation itself may be made very quickly, as the valves and 
shelter boxes are set in advance. The cos5 and inconvenience of 
an installation should always be considered along with the ac- 
curacy expected in comparing various test methods and when 
this is done the pitometer method compares favorably with any 
other. 

Ring integration based on a velocity traverse not only gives 
flow but also fixes the ratio of mean to center velocity which is 
called the “pipe factor” since it reflects the roughness of pipe 
wall and the general flow characteristics of the actual pipe loca- 
tion. Having this pipe factor it is only necessary to read the cen- 
ter velocity to have at once a very accurate determination of 
flow at the moment. For example, with pipe factors fixed by 
velocity traverses made at five or six gate openings, it is possible 
to make any number of short tests at intermediate loads or to 
record the flow continuously if required. 

In view of the many successful pitot-traverse tests, the authors’ 
statement as to the inaccuracy of this method seems unwarranted. 

To give but one example: At Walchensee in 1929 at half-load 
and at three-quarters load, the pitometer results were well within 
0.25 per cent of current-meter and salt-velocity values in a steel 
pipe of about 7-ft diameter. 

The authors claim that the photoflow method, with a coefh- 
cient of 0.976 in circular conduits ‘‘should have an accuracy of 0.5 
per cent because of the narrow range limit of the coefficient 
for various conditions of flow,”’ will bear more supporting evidence 
than has yet been presented. If, as is well known, a simple pitot 
tube has a coefficient of unity in straight flow, how is it that 
0.98 is the largest angularity coefficient possible? For under 
favorable flow conditions, especially in converging sections, this 
coefficient should approach unity. It is to be noted that the 
angularity tests were made at one velocity only. The low coef- 
ficient obtained by the authors may have been due to (1) grid 
interference affecting the pitot readings, (2) effect of the closely 
spaced pitot tubes upon each other, (3) the small number of 
rings employed, or (4) an error in the calibration of the venturi 
meter which was used in volumetric tests. The claim that a 
coefficient of 0.976 is within 0.5 per cent of the correct value, 
therefore, seems to be unproved. 

The statement regarding the “many high-frequency fluctu- 
ations in the water columns which tended to cancel each other” is 
interesting for with these water columns and their erratic jumping 
under air pressure, it seems unlikely that the camera should 
always record readings which are exactly related to one another. 
Any variation in the length or frictional resistance of the various 
connecting tubes must necessarily cause a lack of synchronism 
in the cycle phases, but this source of error seems not to have 
been considered by the authors. 

The claim that the photoflow method at Little Falls gave the 
true flow within 0.25 per cent or less, therefore, seems rather too 
optimistic in view of the extremely unfavorable flow conditions 
and the nature of the volumetric test methods employed. 


W. S. Parpor.!! The authors are to be congratulated for 
developing a method which makes it possible to use pitot tubes 
where, as in the case at the Little Falls Plant, the conditions 
are such at the metering section that vortex or diagonal flow is 
almost assured. 

Numerous tests of plain pitot tubes in the hydraulic laboratory 
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TABLE 1 TEST OF A PLAIN PITOT TUBE IN A 4-IN. 
BRASS PIPE 
-——First reading—— -——Second reading—— 
Gage Gage 

Location reading vV (2gh) reading +v (2gh) 
—8s 0.510 2.84 0.605 3.09 
+8 0.515 2.85 0.665 3.24 
+7 0.610 3.10 0.765 3.47 
7 0.650 3.20 0.850 3.66 
i) 0.690 3.30 0.940 3.85 
+6 0.695 3.31 0.935 3.84 
+5 0.715 3.36 0.945 3.86 
—5 0.765 3.47 1.06 4.09 
—4 0.865 3.69 1.15 4.26 
+4 0.830 3.62 1.09 4.15 
+3 0.910 3.79 1.185 4.32 
——3) 0.920 3.81 1.25 4.44 
—7 0.990 3.95 1.36 4.63 
+2 0.980 3.93 1.34 4.60 
+1 1.030 4.03 1.42 4.73 
Sil 1.050 4.07 1.43 4.74 
Total = 56.32 Total = 64.97 

Avg = 3.517 Avg = 4.062 


First reading: Weight of water = 6005 lb; time = 5 min 14.1 sec; volume 
= 0.3068 cfs; velocity = 3.515 fps. Therefore C = 3.515/3.517 = 0.999. 
Second reading: Weight of water = 7007 lb; time = 5 min 16.5 sec; 
volume = 0.3553 cfs; velocity = 4.07 fps. Therefore C = 4.07/4.062 = 
1.0015. 

Specific gravity of gage liquid = 0.755. r 

Two readings taken at the mid-width of 8 equal-area rings. 


i 

i/ Z 
Angle Between So 
Axis of Pitot Tube 1 165% - i 
and Ax/s of Pipe 180 


Fig. 3 Revontution or A Puain Piror Tupe in A 7-In. Pivn 


of the Civil Engineering Department of the University of Penn- 
sylvania have convinced the writer that the coefficient of a pitot 
tube with wall-piezometer connections is unity for turbulent 
nonvortex flow, that is, where the Reynolds number is well 
above 10,000. Table 1 of this discussion contains the results of 
recent tests which gave coefficients of 0.999 and 1.0015. A large 
number of other tests gave an average coefficient of 1.0012. 
When the authors rotated the Little Falls tube at the center 
of a 12-in. pipe on the discharge end of a centrifugal pump, they 
could not have chosen in the writer’s opinion a worse place for 
the location. Straightening vanes may have some beneficial 
effect. But aside from this fact, when the point of the Little 
Falls tube is rotated it is at least 2 in. away from the center line, 
and is at a point where the velocity is not equal to the central 
velocity and therefore should show a coefficient less than unity. 
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In Fig. 3 of this discussion the writer presents a curve show- 
ing the effect of revolving a plain pitot tube in a 7-in. pipe. At 
15 deg a coefficient of 0.999 was obtained while at 30 deg the 
coefficient was 0.986. These values were obtained in the 7- 
in. pipe with the tube shown in Fig. 3 of this discussion. This 
tube is '/2 in. long from the center of rotation. 

The writer therefore is of the opinion that the authors must 
use a coefficient of unity and estimate the value of their C from 
the surrounding conditions at the gaging section when flow is 
diagonal or vortex. 

The writer does not agree that angular flow is “encountered in 
all conduits.”’ Angular or vortex flow soon dies out in a straight 
line of pipe. Turbulence exists at all times, but the angle made 
by any particle is so small that its cosine is very near to unity. 
The writer cannot believe that the authors would like to use a 
coefficient of 0.976 in an acceptance test of one of their pumps. 


J. F, Roperts.!? The writer does not agree that any system 
of water measurement which measures the flow only to certain 
points is entirely accurate. The authors have taken the equiva- 
lent of three traverses of the pipe, one vertical and the other two 
at 60 deg from the vertical in both directions. An average of 
the vertical traverse readings taken from Table 1 of the paper is 
5 per cent less than the value the authors have obtained for their 
answer. The traverse of points 5 to 10, inclusive, is 5 per cent 
too high, while the other diagonal points, 18 to 23, inclusive, are 
very nearly the mean of the other two and within 0.5 per cent of 
the answer they have obtained. It is questionable whether or not 
the authors have covered the area sufficiently with only three 
traverses but it is hoped that a sufficient number of points have 
been taken to give a true average. The same argument applies to 
current metering, and to the salt-velocity method when bowed 
electrodes are used to span the pipe. 

In the writer’s opinion, the best true average is obtained with 
the chemical or salt-solution method, provided the solution is 
given sufficient time to be uniformly mixed with the water. 
An infinite number of readings might be obtained with the salt- 
velocity method if two diaphragms of fine screening for electrodes 
were used, but in this method difficulties are encountered near 
the edge of the pipe in steel penstocks. 

In making a test on a hydroelectric plant the question of time 
is often of prime importance. The authors mention that the 
photoflow method allows the test to be run in a minimum of 
time. However, in many cases, the time of testing is unimpor- 
tant, but the “time of shutdown”’ to get ready for the test is very 
important. This time would be considerable for the photoflow 
method, whereas in moderate-head plants penstock can frequently 
be drilled for conventional pitot-tube and piezometer inlets with- 
out a shutdown. 

Another point mentioned by the authors is that one man can 
conduct a complete test with the photoflow apparatus. This 
might be feasible, but certainly not desirable. The writer believes 
Mr. Groat® has expressed the situation very well when he said 
“An efficiency test cannot be efficiently conducted to obtain the 
true efficiency,”’ meaning that plenty of help and a considerable 
number of gage readers and meter readers is desirable. 

The authors state that none of the connections were throttled. 
This can only be true when the size of water passage is uniform 
from piezometer opening to gage glass. With a 1/,¢-in. hole in the 
pitot tube, and glass tubing of 1/,-in. to 3/s-in. internal diameter, 
the throttling effect is considerable. What the authors have 
really obtained is an integrated mean of the rapid fluctuation or 
changes of velocity and pressure, and not an instantaneous read- 
ing of the true pressure at all of the tubes. However, the writer 
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does not doubt but that by averaging six such readings a result 
very close to the correct one is obtained. 

The authors are to be congratulated on the entire absence of 
integral signs and complicated equations in this paper. Surely 
Jin a paper dealing with ¥ (2gh) and integrated flow there is just as 
‘much opportunity for introducing long equations as in a paper 

dealing with surge tanks and pressure surges, but the authors 

have carefully avoided them. The writer feels that papers such 
_as this are of far greater benefit if kept in the ordinary language of 
‘the commercial engineer. 


J. D. Scovitie.'* In the last analysis is it not essential that 
the method described by the authors be applied only in straight 
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penstocks where the flow is undisturbed and undistorted by elbows 


and obstructions? For accuracy, the method depends on the 


correctness of the pressure as well as the pitot-tube readings. 
The authors refer to a paper on piezometers' and state that 
angular flow in a pipe may produce considerable error in the pres- 
sure observations. Are the authors justified in applying the 
method in a location such as Little Falls which would not be 
considered as suitable for a pitot-tube or pitometer traverse? 
The authors determine the variation of the pitot-tube co- 
efficient with angularity, and show in Fig. 3 of the paper that the 
minimum coefficient of the pitot tube is 0.97 with an angularity of 
30 deg. Do angular flow and turbulence produce the same effect 


ona pitot tube? S. L. Kerr has shown‘ that turbulent flow may 


produce coefficients as low as 0.96 at 5 fps and still smaller at 
lower velocities. 

The writer realized that the authors very carefully calibrated 
the pitot tubes used at the Little Falls Plant and obtained a 


coefficient of 0.97. May it not be somewhat different for other 
_ installations where it will not be possible to make this calibration? 


In Fig. 4 of this discussion the writer shows a curve of dis- 
charge against gate opening obtained by the multiple pitot-tube 
method on three tests of the same turbine. Curves B and C' are 
tests of the same runner at different heads. Curve D is a test 


~ on a cast-iron runner of the same design as the one for B and C 


_ which was built with plate-steel buckets. Curve A is calculated 


from the laboratory test on a runner homologous to B and C 


runner. It would be rather remarkable if the discharge coefficient 
of arunner in the field were 25 per cent larger than for its prototype 
in the laboratory as it is indicated at 0.70 gate. Itis unbelievable 
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that a cast-iron runner would show 33 per cent more discharge 
than its prototype of plate steel. And yet the tests indicate 
approximately this increase at one part of the curve. The pitot 
tubes for this test were located 8 ft downstream from the intake, 
which location was very poor. There was undoubtedly consider- 
able turbulence at the point of measurement which accounts for 
the erratic results. 

Does this not indicate the danger of using this method without 
the required length of straight penstock ahead of the pitot tubes 
as recommended by the A.S.M.E. Test Code for Hydraulic Power 
Plants? 


Henri Decton. The method presented by the author for 
computing piezometer and pitot-tube readings is subject to the 
following remarks. 

1 The true pressure, in a bend at points where pitot-tube 
readings are made, is different from the mean pressure. 

2 Subtracting the mean pressure from the piezometer readings 
gives velocity heads and consequently velocity distribution differ- 
ent from the true distribution. 

3 The method employed checks for the example given with a 
coefficient of 0.97. 

4 The mean velocity computed from the mean of the velocity 
heads is different from the mean velocity computed from the 
mean of the velocities. 

The pressure distribution in the cross section of a pipe or a 
canal must be known to use the photoflow method for field test. 

Regardless of the velocity distribution, the sum of pressure 
head plus location head is constant in a straight pipe or canal as 
shown by the Helmoltz theory.1® 

The uneven distribution of the velocities in straight pipes is 
caused by (1) disturbances originating at the intake (if not prop- 
erly designed) or at bends and (2) by wall friction which creates 
local suppression and motion of particles from the periphery to- 
ward the center and from the center toward the periphery. 

It is justifiable to use a mean pressure in the cross section of a 
straight pipe. However, great care should be taken to measure 
the pressure correctly, using at least three peizometers to detect 
angular flow at the piezometer location caused by disturbed flow, 
which causes the piezometer to over- or underregister. 

Generally, the photoflow method will be used to measure dis- 
charge. If such is the purpose of the test it can be fulfilled with- 
out a yelocity-distribution calculation. The mean velocity cal- 
culated from the mean of the velocity heads can be corrected with 
a pitot-tube coefficient smaller than the one used by the authors 
when the mean of the velocities is calculated. 

The writer suggests that (1) it be determined which method 
with a constant correcting factor gives the most accurate results 
and (2) to check if the pitot-tube coefficient of 0.97 found in the 
case of a measurement made in a bend is the correct one to use in 
straight pipe. 

The writer has found that a pitot-tube coefficient of 0.957 must 
be used if the mean of the velocity head is used. 

However, the writer has not been able to determine which 


_ method of computing is the best because he has been unable to 


check them by measuring the water volumetrically. 


D. W. Proxssreu.!7 The photoflow method is of interest to 
the writer not only because he is the originator of it, but because 
it is a strong plea for recognition of a sound method in hydrau- 
lics testing, that is, the recognition of the pitot tube as a means for 
measuring the flow of water through closed conduits. This method 
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with its multiple pitot and piezometer tubes with readings taken 
by a camera eliminates personal error and practically all of the 
former objections to the use of the pitot tube. 

The experiments conducted by the authors with streamline 
flow and the effect of angularity upon the pitot-tube coefficients is 
very interesting. From the many tests which the writer has 
conducted using the photoflow method he has observed that the 
velocity of the water within the closed conduit increases very 
rapidly from the inner surface toward the center. At a very 
short distance from the inner surface the velocity of the water 
changes but slightly until the other side of the conduit is ap- 
proached where it drops rapidly. This would lead one to con- 
clude that the greatest effect of angularity of flow is nearest the 
surface where there is the least flow of water. The pitot tubes 
placed in the main portion of flow would operate at coefficients 
approaching unity. 

One of the outstanding features of interest in the tests on the 
Little Falls units was the unique arrangement of pitot and piezome- 
ter tubes. This arrangement was made to overcome the poor 
testing conditions due to conduit design. Had the conduit been 
straight and long the pitot tubes might have been placed on two 
diameters spaced 90 deg instead of on three diameters spaced at 
60 deg. 

The results obtained by the use of six piezometer tubes demon- 
strated that much care should be taken in placing them in the 
conduit. Placing them in pairs in horizontal positions is a safe 
arrangement. The writer has found, however, that with long 
straight conduits the readings of the piezometer tubes would be 
approximately the same whether four were used spaced 90 deg 
apart or three spaced at 120 deg. In the writer’s opinion, this 
would indicate that the centrifuga] action referred to in the paper 
is most noticeable in curved or irregularly shaped conduits. The 
change of velocity from the sides to the center in straight con- 
duits is uniform and causes little or no centrifugal effect, or rather, 
balanced centrifugal action. The paper, perhaps, should have 
read, centrifugal force produced by an irregular change of di- 
rection of the path of the water.” 

The consistency of the results shown by gate-opening curves in 
Fig. 9 of the paper and the close agreement of check readings 
shown in Table 3 of the paper would seem to demand a very favor- 
able recognition of the merits of the photoflow method. 


AuTHORS’ CLOSURE 


The paper on the photoflow method of water measurement has 
resulted in so much discussion that this closure can touch only 
upon some of the fundamental questions involved. 

Current meters are outside of the scope of the paper and will 
not be considered in this closure, although a large part of some of 
the discussions pertained to them. 

One of the important features mentioned in nearly all of the 
discussions was the value of the pitot-tube coefficient for angular 
flow. F. H. Rogers shows the theory on which this coefficient is 
based and shows the remarkable manner in which actual test 
results confirm his theory. Dr. W. F. Durand approaches the 
subject from the viewpoint of fluid mechanics and agrees with 
Rogers’ theory, but also points out that the coefficient at angular 
flow can be materially affected by the size and shape of the pitot 
tube. 

This then answers F. Nagler’s question as to the discrepancy 
in the coefficient at 30 deg of pitot tube C of Fig. 1 of the paper 
as compared to those shown in Fig. 3. Mr. Nagler is in error 
when he states that these tubes are alike. Tube C of Fig. 1 is 
sharp edged, having no surface of revolution or flat plate on which 
the water may impinge. Therefore, as this tube is turned at an 
angle to the flow, the reaction is different from that for the tubes 
of Fig. 3, which do have surfaces of revolution. 
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Prof. W. S. Pardoe, in his criticism of the use of a 12-in. di- 
ameter pipe for determining the pitot-tube coefficient at various 
angles to the flow, was apparently somewhat confused as to the 
effect of a reduced velocity 2 in. away from the center line of the 
pipe. Any reduction in velocity away from the center would have 
the effect of increasing the apparent pitot-tube coefficient instead 
of reducing it as he has stated. In fact this very consideration 
may be the reason for the higher coefficients he obtained while 
rotating a pitot tube in a still smaller-diameter pipe, namely, 7 in. 

The authors did not base their conclusions as to the pitot- 
tube coefficient at angular flow entirely on their test made in the 
12-in. diameter pipe but took into consideration a large number of 
tests, some of which, like those by F. H. Rogers in 1910, were 
made under ideal conditions. Another general subject of dis- 
cussion was the amount of angularity of flow that might be en- 
countered in conduits. While it is possible that the angle of 
flow in small-diameter pipes such as are found in city mains is 
limited to 6 deg as stated by E. S. Cole, there certainly is no 
evidence that this is true for the larger-diameter penstocks to be 
found at power plants. In fact, certain tests seem to indicate 
that greater angularity exists. Such excellent researches as those 
by Prof. C. M. Allen on the distribution of salt as it intermingles 
with the flow of water in a conduit, being a case in point. Since 
tests showing the exact angularity of flow have always been made 
on small-diameter pipes, it is entirely possible that the flow in 
the larger-diameter pipes may be entirely different and actually 
have larger angularity. 

We now arrive at the most important feature of the photoflow 
method, namely, the pitot-tube coefficient. Most of the pitot- 
tube calibrations have been made in small-diameter pipes and 
have indicated a coefficient close to unity. The authors have 
rated pitot tubes in pipes up to 12 in. in diameter and found 
the coefficient to be practically unity. However, there seems to 
be considerable evidence supporting a lower coefficient for the 
larger-diameter pipes encountered at power plants. It is quite 
possible that there is a difference in the character of flow of a 
small-diameter pipe as compared to a large pipe which would 
account for such a difference in the coefficient. 

F. Nagler questions the possibility of a pitot tube ever having 
a coefficient of 0.970 when its angular-flow coefficient does not 
fall below this value. S. L. Kerr’s paper mentioned by F. H. Rog- 
ers indicates that a design of pitot tube very similar to the de- 
signs shown in Fig. 3 of the paper had a coefficient of 0.934 in 
turbulent flow. This means that in turbulent flow the coefficient 
may be lower than any angular coefficient. This was also indi- 
cated by the test at Little Falls where the coefficient at a turbulent- 
flow section was found to be close to 0.97, whereas the minimum 
angular-flow coefficient of the pitot tube used was 0.971. 

L. J. Hooper mentions a calibration of a pitot tube in a 36 X 
16-in. venturi throat and in a 12-in. line. The flow conditions in 
the throat of a venturi meter can hardly be called disturbed flow, 
and if the flow in the 12-in. line did not have an angularity of 
more than 3 deg, the coefficients should have checked exactly. 
This is apparent from Fig. 1 of the paper which shows that the 
pitot-tube coefficient for an angularity of 3 deg is practically 
unity. 

On the other hand, the series of tests at the Tulane Hydraulic 
Laboratory as mentioned in the discussion by Prof. W. B. 
Gregory, show an average pitot-tube coefficient of 0.976 in a 
10-in. pipe. 

Taking into consideration the independent calibrations of the 
pitot tube made on larger-size pipes, as well as all the foregoing 
discussion, the authors still advocate a pitot-tube coefficient of 
0.976 for the larger-size pipes and penstocks used at power 
plants. That a large pipe may have a different coefficient from 
a small pipe is not at all unreasonable as is indicated by the 
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different coefficients necessary for the various sizes of venturi 
meters. 
The discussions brought out some interesting arguments as to 
_ the accuracy of the photoflow method. 
) F. Nagler states that when a pitot tube is inserted in a cross 
section, the flow goes elsewhere. This is open to question since 
there is apparently very little reliable information on this point. 
_L. J. Hooper also calls attention to the fact that a 1-in. pipe will 
affect the velocity 5 in. upstream. 
: » However, a reduction or diversion of velocity in front of the 
pitot tube can be accomplished only by an increase in pressure at 
that point, and the pitot tube will measure this pressure plus the 
remaining velocity head. In this respect it differs from a current 
meter which will measure only the actual velocity. 
J. D. Scoville takes exception to the accuracy of pressure 
-measurements in disturbed flow. By measuring the pressure at 
: the walls of the penstock with a long section of straight wall 
above and below the piezometers, such inaccuracies are eliminated. 
The measurement of pressures on a small surface injected into a 
- large body of turbulent flow, however, is quite a problem and 
, ‘ affects the accuracy of the type of pitot tube having self-contained 
pressure elements. Instruments of this type including the piez- 
 ometer, are usually rated in comparatively small-diameter pipes 
under good flow conditions. As long as they are used in similar- 
| ) size pipes, the results will be accurate, but when they are used 
either in the larger-diameter pipes or under disturbed flow 
conditions, considerable error may be introduced. This is es- 
pecially true of the pitometer which has a coefficient of less than 
0.90. 
E. S. Cole bases the accuracy of tests with the pitometer some- 
what on the ability to repeat tests. Repeated check tests, how- 
ever, do not necessarily mean accurate absolute results especially 
where a coefficient differing considerably from unity has to be 
used. 
J. D. Scoville questions the accuracy of the photoflow method 
because of the large discrepancy between some field test in which 
the photoflow method was used and model tests. This is hardly 
a fair criterion of the accuracy of any test method. The variations 

in discharge as shown in Fig. 4 of the discussion can just as readily 
be due to differences in runner castings and die forms as to a 
_ decrepancy in method of testing. We know of no other method 


of water measurement that has been discarded because in one 

isolated instance the discharge measurements of a turbine did not 
. check the model-test results. Usually in such an event an investi- 
gation as to the runner step-up is made rather than blaming the 

methods of discharge measurement. 
H. Deglon resurrects the old Bernoulli-theorem argument as 
to whether the sum of the velocity head plus pressure head is 
constant across a conduit. If it is, then very few tests or experi- 
ments have been made where the correct pressure of flowing 
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water in a conduit has been determined. The pressure at the 
walls of the conduit where the velocity is low and where the piez- 
ometers are usually located, would then be quite different from 
the average pressure across the conduit. Without going into this 
question in detail, there certainly is sufficient experimental data 
available to show that the pressure across a conduit is constant 
except at elbows or bends where centrifugal force comes into play. 
Means for taking care of the latter condition have been considered 
in the original paper. 

The remaining points brought out in the discussion relate to the 
advantages of the photoflow method of measurement. 

One of the advantages claimed for the method is the short time 
required to obtain a complete reading. E. S. Cole states that the 
time of making pitometer traverses is misrepresented and claims 
20 minutes is sufficient for a ten-point traverse. This allows 1 
minute per reading per point and certainly does not cover the 
flow cycle. It is recognized by the majority of point-traverse 
advocates that in order to obtain accurate results, sufficient time 
must be allowed to read the pitot tubes and piezometers several 
times at each point; in fact, F. H. Rogers suggests five such 
readings. Under such conditions, an hour per traverse would be 
more according to the actual facts. 

Several examples were cited where the pitot traverse gave 
consistent results. The tests mentioned were probably all made 
in long straight penstocks where the changing distribution of 
flow was undoubtedly small, and a careful traverse under such 
conditions should give fairly consistent results. However, this 
does not alter the fact that there is always a time variation of 
velocity of flow as brought out in the discussion by DEW ke 
Durand. L. F. Moody also calls attention to the fact that re- 
liable results with the traverse method can only be obtained at 
an expenditure of considerable time and labor and that a single 
reading of the tube at each point is not sufficient. The dis- 
advantages of extending the time on test are well summarized 
in the discussion by L. F. Moody. 

J. F. Roberts’ objection to the photoflow method because of the 
time of shutdown required seems to be rather far fetched. It 
should be realized that this method is advocated primarily for 
the large-size conduits found at power plants. Here a pitot-tube 
traverse is not the simple proposition of sticking a pipe into the 
penstock. Some sort of support for the pitot-tube pipe inside 
the penstock must be provided and will, therefore, require a 
shutdown. If the output of the plant is too valuable to permit 
a 6- to 8-hour interruption of one unit, there are always a number 
of approximate methods that can be used to determine the dis- 
charge. 

In conclusion the authors wish to express the thought that any 
section that is suitable for measurement by pitot-tube traverses 
is equally suitable for the photoflow method, with a greater degree 
of accuracy. 
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NOTICE TO AUTHORS 
ON PREPARATION 
OF MANUSCRIPTS In order to do a 

more economical job in 

the printing of papers 
for the JOURNAL OF 

APPLIED MECHANICS the following rules have been drawn 

‘up to serve as a guide for intending authors. We invite co- 


operation in seeing that they are observed. 


FOR THE JOURNAL OF 
APPLIED MECHANICS 


Length: Due to the present difficulty 
——— of publishing all of the 
papers it is found necessary to restrict 
the length of manuscripts to six printed 
pages of the Journat. Solid type runs 
1200 words per page and due allow- 
ance must be made for title, footnotes, 
bibliography, illustrations, and mathe- 
matical work. 


Manuscripts: These should be type- 
written, double or 


triple space, on one side of standard- 
size paper with ample margins. Cut 
captions (on a separate sheet), illustra- 
tions, and tables should accompany the 


manuscript. 


Bibliography: Footnotes and biblio- 
graphical references 


should be complete and thoroughly 
checked. They should not be abbrevi- 
ated and should be in the A.S.M.E. style, 
namely: Title, author, name of periodical, 
volume and number, date, page. If this 
refers to a book the order should be: 
Title, author, publisher, place of publica- 
tion, date, page referred to. 


Mathematical Work: A/! symbols 
aa a a ee SOUL be 


clearly written and carefully checked. 
The difference between capital and lower- 
case letters should be clearly distinguished 
and care taken to avoid confusion be- 
tween zero (0) and the letter (O), between 
numeral (1), and letter (1), and prime (’), 
between alpha and a, and between kappa 
and k. All subscripts and exponents 
should be clearly marked and dots and bars 
over letters should be avoided. 


be clear so as to pro- 


vide good half-tones, and should be 
black and white prints, not blueprints 
or other half-tones. All drawings, 
graphs, and diagrams should be as simple 
as possible with explanatory notes in 
captions rather than on the graphs. 
They should be in black ink on white paper 
or tracing cloth, the latter being preferred. 
All lettering should be in pencil as re- 
lettering will be done by A.S.M.E. 
draftsman for uniformity of size and ap- 
pearance. All drawings should be care- 


_ fully checked since it is expensive to make 


changes on the cuts. 


A.S.M.E. Publications Committee 
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